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DESCEIPTIVE ANATOMY 



Descriptive Anatomy may be treated of in two methods : viz., the Systematic 
and the Topographical. 

In the first or Systematic Anatomy, the several organs and parts of the body are 
considered in a systematic order, according to their structure, their connection with 
each other, and their relation to the purposes of life ; while in the second, or 
Topographical Anatomy, the parts are described in the order of their position 
or association in any region of the body. The first method is best adapted for the 
elementary and complete study of the structure of organs, the second is more 
immediately useful in the study of particular regions in their relation to Medicine 
and Surgery. The object of the present work being mainly to serve as a guide for 
systematic study, the topographical details will for the most part be included under 
and combined with the general description of organs, and only some of the more 
important regions will receive separate notice. 

The plan of construction of the body and the general arrangement of its chief 
parts have been explained in the Introduction at the beginning of Volume I. The 
several systems and regions now to be described will be treated of under the following 
heads : — 

1. Osteology, the Bones. 

2. Arthrology, the Articulations. 

8. Myology, the Voluntary Muscles, with which will be combined the Fasciaj and 
Aponeuroses. 

4. Angeiology, the Heart, the Blood- Vessels, and the Lymphatics. 

5. Neurology, the Spinal Cord and Brain, the Nerves, and the Organs of the 

Senses. 

6. Splanchnology, the Organs of Respiration, the Organs of Digestion, the 

Urinary Organs, and the Organs of Reproduction. 

7. Superficial Anatomy, and Topographical Anatomy of some Regions. 

Descriptive terms. — In anatomical descriptions the body is always supposed 
to be in the erect attitude, and terms of relation are employed strictly with reference 
to this position. Thus, superior and inferior correspond respectively to cephalic and 
caudal, anterior and posterior to ventral and dorsal. The body being bilaterally 
symmetrical, it might be divided into similar and nearly equal halves by a vertical 
plane directed from before backwards. This is known as the median plane, and the 
line along which the median plane meets the surface of the body is called the middle 
or median line. The words internal or mesial and external or lateral denote 
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2 DESCBimVE ANATOMY. 

renpectiveljr nearer to or farther from the median plane. Sagiiial indicates a dorso- 
veotral direction in or parallel to the median plane, and coronal or frontal a direction 
perjK'udicular to the foregoing in a tranarerBe rertical plane. The terms superficial 
and de^p, central and peripfieral, proximal and distal^ are often used, and need 
no explanation. In manj cases precision may be obtained by reference to certain 
fixed relations of parts, such as the vertebral and sternal ends of the nbs, the radial 
and ulnar, or tihial and fibular borders, and the flexor and extensor snr&ces of 
the Yimlm. Preaxial and poilaxiaJ, applied, for instance, to parts of the limb, 
Hignify, respectively, on the primitive cephalic or candal aspect of the axis of 
the member. 
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OSTEOLOGY. 

By G. D. THANE, 



THX BESUBTON. 

The skeleton or solid framework of the body is mainly formed of the bones, but 
is completed in some parts by the addition of cartilages. The bones are bound 
together by means of ligaments, and are so disposed as to support the softer parts, 
protect delicate organs, and give attachment to the muscles by which the different 
movements are executed. 

In the lower animals the term skeleton has a wider signification than in man, 
comprehending two sets of parts, viz., 1st, those of the endoskeleton^ or the deeper 
osseous and cartilaginous framework which corresponds to the human skeleton ; and 
2nd, those of the exoskeleton, or dermal skeleton, comprising the Integument and 
various hardened structures connected with it. All vertebrate animals possess an 
endoskeleton ; but in some of them the exoskeleton attains greater proportions 
than in others, and is combined by means of hardened parts more fully with portions 
of the endoskeleton. In most invertebrate animals the dermal or exoskeleton alone 
exists. 

In man, as in the higher vertebrates, the greater part of the endoskeleton is 
formed of bone, a calcified animal tissue, which, when freed by putrefactive macera- 
tion from its fat and various soft adherent parts, and subsequently dried, is capable 
of remaining unchanged for a very long period of time. It is customary and con- 
venient thus to study the bones chiefly in the macerated and dried state, that is, 
deprived of their accessory soft parts. 

The accessory soft parts connected with the fresh bones consist chiefly of the 
external fibrous and vascular covering termed periosteum, and of the medulla, 
marrow or fat, which fills their larger internal cavities. The bones are permeated 
by blood-vessels, and they are provided also with absorbent vessels and with nerves 
in small quantity. 

The ends of the bones, when jointed moveably with others, are covered by a thin 
layer of dense permanent cartilage, called articular cartilage; and the adjacent 
bones are united together by fibrous ligaments which may be considered as con- 
tinuous with the periosteum covering the rest of the bones. In some instances 
distinct bones are directly united by means of ligament or cartilage without any 
joint-cavity intervening. Thus the osseous system as a whole may be considered to 
be enveloped by a fibrous covering. 

The bones are originally formed by a process termed ossificatioii from soft sub- 
stance. This process conmiences in the greater number of bones in cartilage ; in 
some it begins in fibrous tissue or membrane ; and in all instances the farther 
growth of the bone substance takes place largely in the latter way. The deposit of 
bone begins generally at one spot, which is therefore called the primary centre of 
ossification ; but there may be several of these from the firat. The main part of the 
bone thus formed from the primary centre is sometimes named the diaphysis. In 
most bones, after considerable advance in growth by extension from the primary 
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centre, ossification occars at comparativelj later periods in one or more separate 
pointSy forming secondary or tertiary centres ; and the portions of bones so formed, 
which remain united to the main part for a time by intervening cartilage, are termed 
epiphyses. In many instances entire consolidation of the bone by the osseous union 
of the epiphyses does not take place till the full size has been attained, and this may 
be as late as the twenty-third or even the twenty-fifth year of life. 

In their oatward fonti the bones present much diversity, but have been reduced 
by anatomists to the following classes : — 1. Long or cylindrical, such as the chief 
bones of the limbs. These consist of a body or shaft, cylindrical or prismatic in 
shape, and two extremities which are usually thicker than the shaft, and have smooth 
cartilaginous surfaces for articulation with neighbouring bones. The shaft is 
generally hollow and filled with marrow, by which sufficient size and strength are 
attained without undue increase of weight. 2. Tabular or flat bones, like the 
scapula, ilium, and the bones forming the roof and sides of the skull. 3. Short 
bones, which are more or less cubical or oblong, as in the carpus and tarsus. 
4. Irregular or mixed bones, mostly situated symmetrically across the median plane 
of the body, and often of a complex figure, such as the vertebrae. 

In these differently shaped bones the osseons substance occars in two forms, viz., the 
compact and the spongy. There is, however, no essential difference in structore or propertiea 
between these beyond that of thickness or thinness of the component material. 

The surfaces of bones present various eminences, depressions, and other marks, to designate 
which the following terms are in common use. Any marked bony prominence is called a 
process or apophysis ; a slender, sharp, or pointed eminence is named a spine^ or spinovt 
process ; a blunt one a tubercle ; a broad and rough one a tuberosity. The terms crest^ line^ 
and ridge are usually applied to a prominent border, or to an elevation running some way 
along the surface of a bone. A head (caput, capitulum, or capitellum) is a rounded process 
usually supported on a narrower part named the nech Ccervix). The term condyle^ somewhat 
variously applied by anatomists, is most frequently employed to denote an eminence bearing 
a rounded articular surface. 

The cavities and depressions of bones are very variously named. An aperture or perfora- 
tion, when short, is 2k foramen; when continued some way as a passage it is a canal or 
meatus, A narrow slit is a fissure^ an open excavation or hollow in one bone or in several 
together is a fossa. This term is also sometimes applied to the socket of a joint, as in the 
glenoid or shallower, and the cotyloid or deeper form of joint-cavity. Sinus and antrum ar§ 
names applied to considerable cavities in the interior of certain bones. Besides these, various 
other terms are employed which do not require explanation, such as notch (incisura), gtoove, 
furrow (sulcus), &o. 

The number of bones in the skeleton varies at different periods of life, some 
which are originally distinct becoming united together as the process of ossification 
advances. The following is a statement of the number usually reckoned as distinct 
in middle life : — 

The vertebral column 
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The skull 
The hyoid bone 
The ribs and sternum 
The upper limbs 
The lower limbs 



)one9. 


Fairs. 


Total. 


6 


• • • 


26 


6 


8 


22 


1 


• • • 


1 


1 


12 


25 


• 


32 


G4 


■ 


31 


G2 



34 



83 



200 



Besides the bones included in the above enumeration, there exist likewise the three 
pairs of auditory ossicles, and various bones formed in tendons and called sesainoidy 
the most constaiit of which are, besides the patella and pisiform bone, reckoned in 
the table above as limb-bones, a pair in each thumb and great toe. 
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I.— THE VEBTEBEAI. COLtTMN. 

The vertebral columa is compoeed of & series of booes called vertebra, which are 
nnited together, for the most part, by joints and elastic eabstance in each a manner 
that, althoagh the amonnt of motion allowed between each pair is slight, the 
aggregate is sufficient to give the column very considerable flexibiUty. The vertebrce 
are originally thirty-three in number. Of these, the upper twenty-four remain 
separate in the adult, retaining their mobility, and are hence called moveable or Irui 
vertebrte. They are succeeded by five others, which rapidly diminish in size from 
above downwards, and which are united into one mass called the sacrum ; beyond 
the sacrum are four dwindled terminal members of the series, which as age 
advances, likewise become more or less united, and form the coecyx. These sacral 
and coccygeal vertebrae are known as the Jixed or false vertebrse. ' 

0«&«ral olinractem of the vertabiw. — The general characters are best seen 
in the vertebne placed near the 
middle of the column, of which 
the tenth dorsal vetebra, shonn 
in fig. 1, may serve as an example. 
Each has more or less the form of 
a ring, and presents for considera- 
tion a body, aroh, processes, and 
the enclosed spinal foramen. 

The hoili/ or centrum isa^hort 
cylinder or disc, which forms the 
anterior part of the vertebra. Its 
superior and iufcrior surfaces are 
flattened and counected to the 
next vertebiiE by strong and elas- 
tic intervertebral discs. On the 
front and sides it is convex hori- 
zontally, but slightly concave 
from above downwards ; its pos- 
■ ^erior surface forms part of the 
Ting, and is slightly concave from 
side to side. These vertical 
surfaces are pierced by numerous 
small foramina for the pass^e 

of blood-vessels, and near the middle of the posterior surface a 
lander than the others. 

The arch (tieuraf) consists of two symmetrical portions which spring, one on each 
sidet from the posterior surface of the body, and meet in the median plane behind. 
The anterior part of each half, thick and narrow, is called the pedicle ; the posterior 
part is broad and flat, and is caU3d the lamina. The concavities on the upper and 
lower borders of the pedicles are named vertebral twiclies (fig. 2, B), and consti- 
tute, by the apposition of those of contiguous vertebrse, the intervertebral foramina, 
a series of rounded apertures, which communicate with the vertebral canal, and 
transmit the spinal nerves and blood-vessels. 

The spiiwus process (neural spine) projects backwards from the arch in the 
median plane. The transverse processes, placed one on each side, project outwards 
from the arch at the jnnction of the pedicle with the lamina. The articular pro- 
cesses (zygapophyses), two superior and two inferior, project upwards and downwards 
opposite the attachment of the transverse processes ; their articular surfaces, coated 
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a THE VERTEBRAL COLUMN. 

vith cartilage, in the superior pair look backwards, and in the inferior forwards, bo 
that tho former face the latter in adjoining Tertebrse. 

The foramen is bounded anteriorly by the body, posteriorly and laterally by the 
arch. The series of rings thus formed, united by ligaments, constitntes the spinal 
or neural canal, which lodges the spinal cord. 

Texture. — The bodies of the vertcbrte are almost entirelf composed of epongj rabttance, 
the principal lamelUe being vertical ; on the anrfsce is a thin layer of compact tiasne. 
Veaous can&lB, commencing' at the larirer foramina behind, traiTeise the cancellated stmcture. 
Ttt^ arch and procesaee contain a mnch emallei proportion of Epon^ sabstance, being' covered 
with compact tissue of considerable density in some places. 



Of 'VXKTZBIUE. 

The vertebne are divided into five {rroupa, named from the regions which they 
oconpy, cerviml, d&rsal, lumbar, sacral, and cofcijgeai. 

Cerrioal vartebna. — These are seven in number ; they art; tho smallest of the 
moTeablevertebrEB, and are spe- 
cially characterized by the pre- 
sence of foramina in the trans- 
verse proccBsea. The first and 
second are so peculiar in form, 
as to require a separate descrip- 
tion. The followinfi; are the 
common characters of a cervical 
vertebra. 

The body is small, and much 
broader from side to side than 
from before backwards ; in depth 
nearly the same in front and' 
behind. Its upper surface is trans- 
versely concave from the upward 
projection of its lateral margins, 
and is sloped down in front. The 
under surface, on the contrary, 
ia rounded off at the sides, while 
its anterior mai^in formsa marked 
projection downwards. 

The pedicles spring from the 

body about midway between the 

upper and lower borders, and are directed ontwards and backwai'ds ; the lamiim are 

sknder, long and flat. The superior and inferior notcTies are nearly equal in depth. 

The spinous process is short, only slightly depressed, and bifid. 

The Iram-erse processes are short, and present at their extremities two tubercles, 

anterior and posterior. Each process is deeply grooved above for a spinal ner\-e, and 

itB base is perforated vertically by a round foramen (vertebraiierial), through which 

in the upper six the vertebral artery and vein pass. It ia united with the rest of the 

vertebra by two parts ; by the posterior, at the place of junction of the pedicle and 

lamina, like a doi-sal transverse process ; by the anterior, to the body of the vertebra, 

in the same position as the heads of the ribs. 

The articular processes are placed at the extremities of a short, stout, vertical 
column of bone ; their articular surfaces arc nearly flat and oblique, the superior 
looking backwards and upwards, the inferior forwards and downwards. 
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THE FIRST CERVICAL VERTEBRA. 7 

The foramen is triSD^ar, with ronnded angles, and larger than in the doraal or 
lumbar Tertebrss. 

The first osrvical Tsrtabra, or atlas, differs remarkably Trom the others in 

the absence of a body and spinonfl process, having the form merely of a large ring 
with articular and transverse procusses. 

The interior of the ring is wider behind than in front. Its posterior part cor- 




Fig. S. — AtLiB 1 
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(DiAini \>j D. Oimn.) 



responds to the foramina of the other vertebrse ; its narrower anterior part is 
occupied by the odontoid process of the axis, and in the recent state is separated 
from the posterior by the transverse ligament. In front of the ring is the anterior 
areh, on the anterior aspect of which is a small tubercle, and on the posterior a 
smooth surface for articulation with the odontoid process. At the sides of the ring 
are tlie lalei'al masses, which are thick and strong, bearing the articular processes 
above and below, and extending outwards into the transverse processes. 1h^ articular 




Fig. 4. — Atlas, fbov abovi. (Drawn \>j D. Gudd.) 
Tha position of (he traiuvene ligament is indicated bj dotttd line*. 

proce&set differ from those of other vertebrse in being situated in front of the places 
of exit of the nerves, Thesuperior, larger than the inferior, are oval, and converge 
in front; their articular surfaces are concave for the reception of the condyles of 
the occipital bone, and look upwards and inwards ; they are frequently divided by a 
transverse groove into two. Below the inner margin of each, towards the front, is a 
smooth rounded tubercle, to which the transverse ligament is attached. The inferior 
articnlar processes are smaller than the superior, flat, nearly circular, looking down- 
wards and slightly inwards. 

The posterior arch presents in the middle line a rough elevation, the rudiment of 
a spinouB process ; at its junction with the lateral masses, it is hollowed out above 
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BO as to form a smooth traDBveree groove — the tvrlebral groove, in which lie the verte- 
bral artery and first Bpinol (suboccipital) nerve ; the groove correspondB to the 
BQperior notches of the other vertebrae. 

The trangverse procestes are lai^er and project farther outwards than those of the 
subjacent vertebra;. They are flattened from above downwards, and have a large 
foramen. Their extremities are not bifid, bat broad and rough. 

Tariettes. — The posterior arch of the atlns id sometimes imperfect, the (np in the bone 
being bridgred across b; a fibron* band. A similar defect in the anterior arch ia compantivel; 
rare, bnt it« complete absence has been observed.' The transverse process, especially the 
anterior bar, ma; also be the seat of defective oasiScation, snd the foramen of the vertebral 
artery ia then completed by ligament. A bony nrcb over the verteliral groove is frequently met 
with. .Less common is the formation of a canal for the vertebral artery on the out«r side of 
the superior articnlar process. 

The ascond vertebra or axis (vert, deutata) forms a pivot on which the 
first vertebra rotates carrying the head. 

The iody is characterized by the presence of a large blunt tooth-like process called 
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odontoid (proc. dentatus). This consists of an enlaiged part termed the head, and a 
lower part or neck. It has in front a smooth surface for articulation with the ' 
atlas, and behind a smooth groove to receive the transverse ligament. The lower 
surface of the body resembles that of the succeeding vertebrse. Its anterior surface 
ia marked by a low median vertical ridge, with a depression on each aide. 

The superior aitictilar surfaces, placed like those of the atlas in front of the notch. 
He close to the ba.se of the odontoid process, partly on the body and partly on the 
pedicles of the vertebra. These surfaces look upwards and slightly outwards. The 
inferior articular processes are similar in form and position to those of the succeeding 
vertebne. 

The spinous jirocesa is very large, rough, deeply bifid, and grooved on its inferior 
surface. The lamitire are very thick and strong. 

The (ramveise jtrorexses are short, and the anterior tubercle almost obsolete. The 
foramen for the vertebral artery is inclined obliquely upwards and outwards. 

The ssrantli cervical vertebra has a long spinous process, which is not 
bifurcated, bnt ends in a broad tubercle projecting under the skin, whence the name 

' Dvigbt, Joum. Anat., xiX, G3tl. 
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of vertebra prominem has been 
given to this bone. The tmnsverse 
processes are massive, and on I; 
slightly grooved, with a small fora- 
men ! their poBterior tubercle is 
large and prominent, it bile the 
anterior is but faintly marked. 

In most cases tbe spinotu procen oF 
the Bucth cervical vertebra is also un- 
divided ; and in the dork races of man 
the spinous processes of the third, fourth 
and fifth vertebriB are mote frequently 
rimple than bifid. (D. J. Cnnniugbam, 
Joum. Anat., n, 037.) 

DorMl or thonMie TftrtebnB. 

— These are twelve in number, and 
support the ribs. 

The body as seen from above is 
somewhat heart-shaped ; its antero- 
posterior and transvetsc diameters 
are nearly equal ; its depth is greater 
behind than before. 

It is specially characterized by 
the presence, at the place where it 
joins the arch, of articular surfaces 
for tbe heads of ribs. lu tliegreat«r 
number of iostanccs tlieii: are two 
costal surfaces on each side, — one at 
the upper, the other at the lower 
border, — so placed that each com- 
pletes, with that of the adjacent 
vertebra, a cavity for the head of 
one rib. 

The lamimr, bi-oad and flat, are 
imbricated or sloped one pair over 
another like tiles on a roof. The 
superior nolchcs are very shallow, 
the inferior deep. 

The S}nnmis pi'oeess, described as 
bayonet-shaped, is three-sided, and 
terminates in a slight tubercle. It 
is longest and has ■ the greatest 
downward incliuation in those to- 
ward the middle of the series. 

The Iransvene jn-ocesses are 
strong, directed outwards and back- 
wards, and terminate in a rough 

knob which presents anteriorly a smooth surface for articulation with the tuberosity 
of a rib. 

The articular jtroceases have their cartilaginous snrfacee nearly vertical. Those 
of the superior processes look backwards, sliglitly upwards and outwards ; those of 
the inferior look forwards, slightly downwards and inwards. 




10 THE VERTEBRAL COLUMN. 

The ybmnun is nearly circular, and is smaller than in the cervical or the Inmbar 
legiou. 

The first, tenth, eleventh, and twelfth dorsal vertebrse present certain characters 
bj which they may be individually distinguished. 

The first donal vertebra in its general conrormation approaches very closely 




Pig. S.~NlKTH, IKBtH, E 

DK. (Drawn by D. Uunn.) 

the seventh cervical. The hody is elongated transversely and concave on the upper 
BUrlace ; the superior vertebral notches are of considerable depth ; the upper articular 
surfaces are oblique ; and the spinous process is Song and nearly horizontal. On 
each side of the body is a circular facet close to the upper border for the first 
rib, and a very small facet below for the second. 

The tenth donal vertebra touches only one rib on each side, and has a 
single nearly complete articuLir surface, mainly on the pedicle. There ii usnally 
a small facet on the transverse process. 
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The slsTflntli dorsal vartoliza has a complete articular anrface on each side 
for the head of the rib, but no facet on the transi'erse process. 

The twelftli donul vertabra has also only a sitifile facet on each side ; the 
inferior articular processes have their surfaces turned outwnrds, resemWiug those of 
a lumbar vertebra ; the transverse processes are short and present three elevations, 
the external, superior, and inferior tubercles, which correspond to the transverse, 
mamillary, and accessory processes of the lumbar vertebrse. Indications of these 
tubercles may often be seen also npon the tenth and eleventh vertebra;. 

VarlMiea. — The ninth dorsal vertebra frequently wants the lower facet on the Bide of tie 
bodj. The tenth dorsal vertebia Bometimes ha^ no facet on the tranBTerwe process. The 
ohaafce from the dorsal to the lumbar type of articular processes occasionally takes place 
between ths eleventh and twelfth dorsal vertebra;. 

Xinmbar vtrtttbrK. — These are five in number, the largest of the moveable 
vertebitB, and are distinguished by the absence of costal articular surfaces. 

The body has a greater diameter transversely than from before backwards, 




Fig. 10.— Tb[bi> lumbar vertebrj, rauu above. (Drawn by D. Qudd.) 



and viewed from above or below its surface present* a reniform outline ; the depth is 
generally slightly greater in front than behind. 

The lamina are shorter, deeper, and thicker than those of the dorsal vertebrse. 
The superior noUIies are shallow, the inferior deep. 

The spinous process projects horizontally backwards. It has considerable breadth 
ftom above downwards, and is thickened and rough along its posterior edge. 

The iramverse processes, slender and somewhat spatula-shaped, project directly 
outwards ; they are shortest in the first, longest in the third vertebra. Their 
extremities lie in series with the external tubercles of the lower dorsal transverse 
processes, and with the ribs. Behind each at its base is a small process pointing 
downwards, which corresponds to the inferior tubercle of the dorsal transverse 
process, and is called the accessoiy jrroeesa (anapophysis). 

The articular processes are thick and strong. Their articular surfaces are vertical ; 
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the superior, concave, look backwards and in wards ; the inferior, convex, look forwards 

and outwards. The superior pair are farther apart than the inferior, and embrace 
the inferior pair of the vertebra above them. From each superior articular process 
a tubercle projects backwards, which corresponds to the superior tubercle of the 
dorsal transverse process, and is called the mamillary process (metapophysis). 

The/iwrtmm is large and triangular, or widely lozenge-shaped. 

The fifth lumbar vartabra is massive, the body is much deeper in front than 
behind, the transverse processes are broad and conical, the lower articular processes 
are wider apart than the upper, and the lominee project into the spinal foramen on 
each side. 

While in the EuiDpeau the bodies of the Inmbai vertebne are collective!; deeper in trout 
_^ti)an behind, in conformity with t^e ourvature of this part of the colonm, tlie individual 




Fig. 11.— Fifth 



(Dntnn bj D. Gdiid.) 



Mginenta show Bome difference in this leapeet. Thus, the first lumbar vertebra is deeper 
behind than in front ; in the second the anterior and jicsterior vertical diameters are nearly 
equal ; and the third, fouiih and fifth are characterized by a preponderance of the anterior 
depth, which increases prOj;rre:<£ively from above downwards. In the dark races of man 
(Australian, Bushman, Andamane^, Ne^rro) the depth of the five lumbar bodies together Is 
^'reater behind than in front, and the fifth is the only one in which the anterior depth noUbly 
exceeds the posterior. It does not appear probable, however, that this conformation of the 
vertebral bodies ia accompanied by a less marked degree of lumbar curvature, since the latter 
is determined mainlj' by the intciTertebral discs. (W. Turner, Joum. Anat,, zx, and 
•■Challent'er" Reporte, Zoology, ivi ; D. J. Cunningham, '■ The Lumbar Curve in Man and 
ApeB," Dublin, lawtj,and Proc. Roy. Soc, 1889.) 

Tarietiea In number of the moveable Tertebin. — The number of the cervical vertebrn 
is remarkably constant. The dorsal and lumbar vertebrs may vary reciprocally, the total 
remaining the same, according to the number of ribs present. Thus, if there are only eleven 
pairs of thoracic ribs, the twelfth vertebra will have lumbar characters; while in the more 
frequent case of a thirteenth pair of ribs being developed, the corresponding vertebra might 
b^ regarded aa dorsal, although, in general conformation, it usually more resembles the 
lumbar type. The whole number of true vertebne may be diminished or increased by one. 
In the former state the first sacral vertebra will be the 24tb, as is the case generally in tbe 
orang, and, if the nnmber of the ribs remain normal, there will be only four lumbar vertebne. 
In the case of increose, the first vertebra to articulate with the hip-bone will be the 26th, and 
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there tdrj be twelve dorsal and six larobar Tertebrte, or thirteen dorsal and five lumbar. 
SometimeB an intermediate or transitional form is met wicb, as in the so-called lumbo-saeral 
vrrteira, in which one aide is united to the sacmm, while the otbet has a free transverse 
process (fi? 21 11) Bnch a vertebra may be the 3ith or ^uth. The study of the development 
o( the vertebral column throws light on the origin of these varieties. It appears from the 
researches of Rosenberg that in the foetus the 26Ch vertebra is originally the Srat sacral, and 
that m the oonise of growth the hip-bones move headworda so as to become attached 
also to the 2'ith which consequently becomes incorporated in the sacrum. This shifting 
may proceed farther so that the 24th vertebra is inclnded ; or it may be nnsym metrical, 
(fiving rise to a lumbo-^aoral vertebra. Similarly, a thirteenth rib arises from the 
persistence and growth of a cartilaginous rudiment which is regularly present in the 
embryo but usually becomes inoorporated in the transversa process of the first lumbar 
varttbra (J Stm^ers Variations of Rib i jp d Vertebne," Joum. Anat., ii; P. Topinard, 

Anomalies de nombre de la colonne ver^^ke," Bev. d'AnthropoL, 1877; E. Rosenberg, 

Entvrickelnng der 1^ iibeUaule Morph. 3^^m *■') 




Pig. 12.— Tbb sicaiiH, 



Saoral vertebne. — Tliose b^ their nnioa in the adnlt form the os sofrum, bnt 
in youth they present the elements of fire distinct vertebne. The sacrum ia placed 
below the last lumbar vertebra, and articnlates laterally with the two hip-bones, 
thus completing, together with the coccys, the wail of the pelvis above and behind. 
The uppermost vertebra ia the largest, thoae which follow become rapidly smaller, and 
the fifth is mdimentary. Hence the aacmm has the form of a triangle with its 
base directed upwards. It is concave and smooth in front, convex and uneven 
behind. The direction of its sarfecea is veiy oblique, its ventral aspect looking 
considerably downwards, and forming above, at the place where it joins the last 
lumbar vertebra, the projection termed the promontory. The dorsal or poaterior 
surface looks upwards aa well aa backwards. 

The ventral aarface ia concave from above downwards, and alightly so from side 
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to Side It IS lra%ersed bonzontally by fonr ndges which indicate the places of 
nnion of the bodies of the five sacra! vertebrae and at the extremities of which are 
situated on each side four foran t la called anf o sac al These foramina lead 
externally into grooves and diminish in s ze from above downwards. 

The dorsal surface is convex very uneven and somewhat narrower than the 
ventral It pr sents along the median hne three or four small emnences the 
spinous processes usually mo e or less connected so as to form a ndge Below the 
spinous process sat angular opening the termination of the spinal canal the 
lateral mai^ins of which are formed by the imperfect laminae of the fourth and fifth 
satral vertebne and are produced downwaids into a pair of tubercles the sacral 




Fig. 13,— Thi 



(DrawaljD. GuDD.) i 



eomua, which represent the inferior articular processes of the last sacral vertebra, 
and are connected to the cornua of the coccyx. On ench side of the ridge of spines 
the surface fonned by the united lamina; is slightly hollowed, thus giving visa to 
the sacral groove, which prolongs the vertebral groove of the moveable part of the 
column ; and beyond this arc the four jmskrior furral foramina, opposite to, bat 
smaller than the auterior. Immediately internal to each foramen is a slight 
eminence, which represents the articular and mamillary processes of the vertebra; 
above, while external to the foramen a more strongly marked elevation con-esponds 
to the tranaversc process. 

The part of the sacrum external to the foramina constitutes the lateral mass, and 
is broad and thick above, but narrowed below. The outer aspect of the upper part 
presents in front a large uneven surface, covered in the recent state with cartilage, 
which articulabes with the ilium, and is called from its shape the auricular surfac* : 
behind this the bone is rough and marked with strong depressions for the attachment 
of ligaments. Lower down, the margin becomes narrowed and sinuous, terminating ia 
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the projection called the inferior hleral angle, below which the breadth of the bone 
is enddenly contracted so as to form a notch with the adjacent part of the COCC7S. 
The bme, or upper surface of the first sacral vertebra/ bears considerable 

resemblance to the 
upper surfiice of 
the last lumbar 
(fig. 23, 9 and 10). 
In the middle it 
presents the reni- 
form surface of 
the body, behind 
which is the tri- 
aDgular aperture 
of the sacral canal, 
bounded by the 
depressed lamince. 
On each side of the 
aperture is an arti- 
cular process, simi- 
lar to the superior process of A lumbar vertebra, but 
of large size, and bearing a weH -developed mamillary 
process. lu front of this is a !;foove which forms wiih 
the lower notch of the last lii'i:bar vertebra an inter- 
vertebral fommcn. The txi. 1 nai portion of the base 
prosenta posteriorly an eiinii'.in.B corresponding to the 
lumbar transverse process, anil in front of that a 
triangular smooth anrface, continuous with the iliac fossa 
of the hip-boue, and known as the alu of the sacrum. 

The lower end or a/Kj; fmided by the small inferior 
surface of the body of the fifti> sacral vertebra, is trans- 
versely ova), and articulates \\\\\i the coccyx. 

T(i" .":/■)■"' i-ciin/ i* fiu^i.l ■,^■ith the bone, and gra- 
dually narrows as it deaceuds ; in transverse section 
it is three-sided above, but flattened and rather semi- 
lunar below. It terminates on the posterior surfiice of 
the bone between the sacral cornua, where the laminie 
of the last two sacral vertebrse are 
imperfect. From this canal there 
pass outwards in the substance of 
the bone four pairs of intervorte- 
bral foramina, closed externally 
by the lateral masses, but opening 
ou the surfaces by the anterior 
and posterior sacral foramina. 

The Hocram oF the female is 
broader in proportion to its length, 
and uanally flatter than that ol the 
male ; but the curvature varies S- '''■ 
greatly in different skeletons. tbkoooi 

The sacrum of man is churac- 
teriMd by its great breadth in comporiaon with 

the tacral iitdej; which is ascertained by the following calculation, — — — . • — 

average sacral index in the male European is 112, in the Negio 106, in the AuBtraliau 99, 




Fig. 



byD. Ounn.) 
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Mid In ths ^jidamaneee 91. In the Earopean female it is about 116. The tuit1irop«id apes 
have a saoral index varying from 87 in the ontng to 72 in the gorilla. (Tnnier, Jonrn. Anat., xz, 
and " ChallenKer " Heporta, Zool<^y, xvi.) 

Varletiea. — The aaeram not nnfreqnently consists of six piece«, a condition which is 
generally dae to the inclusion of the first coccygeal vertebra. More rarely there are only four 
saaral vertebrm. Occasionally the bodies of the first and second rertebrffi are not united, 
though complete union has taiken place in every other part ; or the tot vertebra may present 
on one dde the usnal sacral form, while on the other it has the form of n lumbar vertebra, and 
ia not united to the next (see Gg. 23, II, I"), a peculiarity connected with the obUqae form of 
pelvis. Instances also occur in which it preeenta, on both sides, characters intermediate 
between those of sacral and Inmbar vcrtebne. The sacral canal may be open below to a 
greater extent than usual ; it has even been found open thronghont. 

Coccjrgaal vertoliTa, ooocT^^^^ese are rerj rudtmentaij vertebne, 
commoQly four, sometimes fire, ee^^Moly three in number. The first of the 
series is considerably broader than the o titers. It presents superiorly, on the part 
corresponding to the body, an oval concave surface, which articulates with the lower 
end of the sacrnm. From its posterior surface two small processes, termed eornua of 




Fig. 16. — Thi oooon : A, 



BiroBa. (Diaimby D. Guan.) J 



the coccyx, project upwards ; they represent the pedicles and superior articular 
processes of the vertebra generally, and are connected at their extremities to the 
sacral cornua, with which they enclose an aperture — the last intervertebral foramen 
(fig. U) for the passage of the fifth sacral nenc. On each aide tlie short transverse 
process projects, and usually bounds, with the lowest part of the lateral margin of the 
sacrum, a notch for the anterior division of the same nerve ; hut in some coses it is 
united by bone to the lower lateral angle of the sacrnm, so as to form a fifth anterior 
sacral foramen. 

The remaining three coccygeal vertebwe are much smaller than the first. 
The second piece, when separate, has upper and lower flattened surfaces for 
articnlation with the vertebra above and below ; on each side is a rudiment of the 
transverse process lu the form of a slight tubercle ; and on the posterior aspect there 
may sometimes be seen two small eminences in series with the cornua of the 
first piece, and representing the last traces of a neural arch. The third and fourth 
pieces are mere rounded nodules, slightly compressed from above downwards, and 
corresponding solely to vertebral bodies. In middle life the first piece is usually 
separate, while the three lower pieces are united into one, the original separation 
being indicated by transverse grooves. 

In advanced life the coccygeal vertebrse, having been previously joined into one 
bone, may become also united to the sacrum. This union occurs at an earlier age 
and more frequently ia the male than in the female, bnt it is subject to much 
variation. The first piece often joins the sacrum before the union of the rest of the 
bone. 
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Pig. 17. — VlHTIBHAL COLDHH OF IS ADDLT MALI, 

FBOM BIKIKD. (Allen ThonuoD.) j 
C 1, fiixl cervl^l vertebra ; D 1. fint (lonal vertebra ; 
I.I,fin,tlumbarTorlebra; 81, first Bacral vertebra; CO 1, 
Gn( coicjgttl Tcrtebra. The transition in tbe form of the 
tmniTsree procei»e> onJ tubercles id the lower doraal and 
fittt lumbar vertebra is nell markeJ io tb» specimen. 



TUR Lsn siDB. (Allen Tbonuon. ) i 
The letters and nnmbera indicate tbe 
aeveral Tertebne. The antero-poBtarior 
currea of the colnmn are showD, together 
with the shape and lize ot the rerlsbna 
and interTertebial space*. 
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Aooording to the observations of E. Steinbaoh there are in most cases five coccygeal 
vertebrae in the male, four or five with about equal frequency in the female. (" Die Zahl der 
Caudalwirbel beim Menschen," Diss., Berlin, 1889.) 

The vertebral column as a whole. — The vertebral colnmn maj be regarded as a 
central axis upon which the other parts of the skeleton are arranged. Superiorly 
it supports the skull, laterally the ribs, through which also it receives the weight of 
the upper limbs, and near its lower extremity it rests upon the hip-bones, by which 
the weight of the body is transmited to the lower limbs. It is a pillar of support to 
the rest of the skeleton, and protects the spinal cord by enclosing it in a bony 
canal. Its average length is about 28 inches in the male, 27 inches in the female. 

When seen in profile the column presents four corves, directed alternately for- 
wards and backwards, — forwards in the cervical and lumbar regions, backwards in 
the dorsal and sacral. The upper curves pass imperceptibly into one another, but 
at the junction of the last lumbar vertebra with the sacnim a considerable angle is 
formed, known as the lumbosacral or sacro-vertehral angle, causing the promontory 
to overhang the cavity of the pelvis. The dorsal and sacral curves are primary 
curves affecting those parts of the column which enter into the formation of the 
bony- walled cavities, the thorax and pelvis ; they make their appearance at an early 
period of fcetal life, and are due to the conformation of the vertebral bodies : the 
cervical and lumbar curves are secondary or compensatory curves, necessary to the 
upright posture, only developed after birth, and dependent mainly on the shape of 
the intervertebral discs ; in these regions also the principal movements of the spine 
take place. The curves obviously confer upon the column greater elasticity and 
security from injury than it would have were it perfectly straight. In the upper 
dorsal region there is also very frequently a slight degree of lateral curvature, the 
convexity of which, in most cases, is directed towards the right side, and which is 
probably connected with the greater use made of the right than of the left arm. 

Viewed from the front, the bodies of the vertebrae are seen to become broader 
from the axis to the first dorsal, then slightly narrower to the fourth dorsal, aim 
from this vertebra they gradually widen to the base of the sacrum. The width 
between the extremities of the transverse processes is considerable in the atlas ; small 
in the axis, it becomes greater as far as the first dorsal vertebra ; thence it is again 
gradually contracted as far as the last dorsal, and becomes suddenly much greater in 
the lumbar region. 

In the lateral view, the antero-posterior diameter of the bodies increases in de- 
scending through the dorsal and lumbar regions. 

Viewed from behind, the spines occupy the middle line. On the sides are the 
vertebral grooves, corresponding to the laminae, and bounded externally in the cer- 
vical and dorsal regions by the transverse processes, and in the lumbar by the 
mamillary processes. Along each groove is a series of spaces between the laminae, 
which, in the natural condition, are filled up by the yellow ligaments. The extent 
of these intervals is very trifling in the neck and in the greater part of the back ; 
it increases in the lower third of the dorsal, and still more in the lumbar region. 
The interval between the occipital bone and the arch of the atlas is considerable, 
and so is that between the last lumbar vertebra and the sacrum. 

The only part of the vertebral column that appears on the surface of the body 
is the row of spinous processes, and these are subcutaneous from the seventh cervical 
to the third sacral. The upper cervical spines are deeply placed and can be felt with 
difficulty in the median interval between the muscular masses of the back of the 
neck ; the sixth is sometimes long and in such cases may project. The seventh 
cervical and the following one or two dorsal spines are prominent ; the others lie at 
the bottom of the long spinal furrow produced by the eminence of the spinal muscles 
on each side. 
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OSSIFICATIOK OF THX VXRTXBILSB. 

The vertebrsB in general. — The ossification of eaoh vertebra proceeds in cartilage from 
three principal centres, one for the main part of the body, and one on each side for the arch 
and processes, together with a small part of the body. The lateral centres appear about the 
7th week of festal life, that of the body very soon afterwards. From these centres the 
ossification extends gradually, so as to form the greater part of the vertebra. The central 
ossification does not pass, however, in the dorsal vertebrse the place of articulation of the head 
of the rib, but leaves on each side a portion of the body which is formed from the lateral 
ossification, and is separated up to the third year by a narrow cartilaginous interval — the 
nmro-cmtral ttynchondroms. It would appear farther, that while ossification in the arches 
commences first in the cervical vertebrae, the osseous centres of the bodies appear earliest in 
the lower dorsal vertebrae. 

At the time of birth most of the vertebrae consist of three osseous pieces, corresponding to 
the three original centres. In the first year of infancy the laminae of opposite sides become 
united in a number of the vertebrae, but not in all. The spinous processes, remxiining 



Fig. 19. — OssiriOATioN of the vebtebilb. 
(R. Quain.) 

A, foetal vertebra, showing the three primary centres ; 
1, 2, neural ossifications ; 3, central ossification. 

B, dorsal vertebra from a child of two years ; 1 & 2 
are seen to have encroached upon the body at * the 
neuro-central synchondrosis, to have extended into the 
articular and transverse processes, and to have united 
behind in the spinous process, leaving the ends cartila- 
ginous. 

C, dorsal vertebra at about seventeen years, showing 
epiphyses on the transverse processes, 4 & 5, and 
spinous process, 6, and the upper epiphysial plate of 
the body, 7. 

D & E, parts of a lumbar vertebra of about the same 
age, showing, in addition to the foregoing, 8, the lower 
epiphysial plate of the body ; 9 & 10, the epiphyses of 
the mamillary tubercles. 
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cartilaginous for a time, are gradually completed by the growth of the cartilage and the 
extension of the bone into them, and at the same time, by the ossific extension of the 
transverse processes and other parts, the vertebrae gradually attain to nearly their full size and 
shape about the age of puberty. At different periods subsequent to this, five epiphyses, or 
supplementary centres of ossification, are added. Three of these are small portions of bone, 
placed on the tips of the spinous and transverse processes : the other two are thin annular 
plates on the upper and lower surfaces of the body at its circumference. In the lumbar 
vertebrae two other epiphyses surmount the mamillary processes. These epiphyses appear from 
the sixteenth to the twentieth year, and are not wholly united to the rest of the vertebra 
before the twenty-fifth year. The transverse process of the first lumbar vertebra is sometimes 
developed from a separate centre. The anterior divisions of the cervical transverse processes 
are for the most part ossified by the extension into them of osseous substance from the 
neighbouring posterior part of the process and from the arch ; but there are usually separate 
osseous nuclei for those of the seventh, sometimes also of the sixth, and even the fifth or 
second vertebrse. 

Atlas and axis. — The ossification of the atlas and axis differs considerably from that of 



Fig. 20. — Ossification of the atlas. (R. Quain.) 

A, before birth ; B, in the first year ; 1 & 2, lateral 
centres of ossification ; 3, ossific centre in the anterior 
arch. 



the other vertebrte. In the atlas the anterior arch is formed by a strip of cartilage in which 
ossification, commencing by one or two centres, only appears in the course of the first year 
after birth. The posterior arch, together with the lateral masses, is formed from two oentrei 
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which corresx)ond to the nearal ossifications of the other vertebrse, and which begin to ossifj 
about the seventh week. Their union posteriorly occurs in the third year, and is frequently 
preceded by the formation of a distinct spinal nucleus. Their union with the anterior arch 
does not take place till the fifth or sixth year. 

In the axis, the arch and processes are formed from two centres corresponding to those of 
the other yei'tebrsB, and appearing about the seventh or eighth week. Ossification begins in 







Fig. 21. — OssiMCATiON OP THE AXIS. (R. Quaiu.) 

A, from a foetus of seven months ; 3, centre for the body ; 
4, 5, two centres in the base of the odontoid process. 

B, shortly after birth ; 1, 2, neural ossifications ; 3, 
central ossification ; 6, odontoid ossification. 



the body about the fourth month, from one or sometimes two centres, occupying the lower 
part of the common cartilage of the body and odontoid process. In the upper part of this 
cartilage, a little later, two collateral centres appear for the odontoid process : these soon unite 
into one, so that at birth the axis is composed of four pieces of bone. About the fourth year 
the odontoid process becomes joined to the body and the fore part of the neural arch of the 
axis on each side, and a little later union occurs in frout and behind. In the centre, 
however, a small disc of cartilage remains until advanced age.^ The apex of the odontoid 
process is formed from a distinct centre which appears in the second year, and joins aboat the 
twelfth year. There is the usual annular epiphysis on the lower surface of the body. 

Sacral vertebras. — Each of the sacral vertebrse has three primary centres of ossification, 
one in the body and a pair in the arch. The centres of the bodies of the first three vertebras 
appear about the eighth or ninth week, those of the two following vertebras somewhat later. 
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Fig. 22. — Ossification of the sacrum. (B. Quain.) 

Af sacrum of a foetus before six months seen from the front, showing the oesific centres in the 
bodies of the vertebne. 

B, at birth ; 2, 2, additional centres for the lateral masses. 

C, about twenty-three years ; 3, 3, epiphysial plates still visible above and below the first vertebral 
body ; 4, 4', lateral epiphysial plates. 

D, upper surface of first sacral vertebra at four or five years ; 1, and 2, as in A and B. (Allen 
Thomson. ) 

A & B, nearly full size ; C, one-fourth ; D, one-third. 

The laminae bejrin to ossify about the sixth month, but the time of union with the bodies 
differs in the different vertebrae, taking place as early as the second year in the lowest, but 
not till the fifth or sixth year in the uppermost. In each of the first three vertebrae (sometimes 
however only in two, sometimes in four) the anterior part of the lateral mass on each side is 
formed from an additional nucleus which appears at tiie outer margin of the anterior sacral 
foramen from the sixth to the eighth month. These unite to the bodies later than the arches. 
In the case of the lower two vertebrae the lateral masses are formed by extension of 
088lflcation from the primary lateral nuclei. On the body of each vertebra epiphysial plates 
ate formed after puberty, as in other vertebrae ; and two irregular plates of bone are added on 
each side of the sacrum, the uppermost of which extends over the auricular surface, and the 
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lower over the sharp edge below. These api)ear from the eighteenth to the twentieth year, 
and are united about the twentj-fifth. The bodies of the sacral vertebras are at first separated 
by interyertebral discs, but about the eighteenth year, in the case of the lower veitebne, 
ossification begins to extend through these discs and the epiphyses, so as completely to unite 
the adjacent bodies. The ossific union of the first and second bodies does not take place till the 
twenty-fifth year or later. Previous to this, the lateral masses have coalesced in the same 
order as the bodies. 

Coooyffeal vertebrsB. — Each of the coccygeal vertebrae is ossified from a distinct piece of 
cartilage, and usually from a single centre, but in the upper sometimes from two centres. 
Ossification commences in the first generally about the time of birth ; in the second, from the 
fifth to the tenth year ; in the third, some time before, and in the fourth, some time after 
puberty. The ossific union of the three lower coccygeal vertebrae occurs before middle life ; 
their union with the first, and the union of this with the sacrum, belong to the later perioda 
of life. 

Variations may occur in the mode of ossification of the vertebrae, as is shown by the nature 
of certain malformations. Thus, instances are recorded in which a vertebral body is 
represented by two pieces of bone, separated by a median interval : here ossification must 
have proceeded from two centres, as is the case normally in the odontoid process, and 
sometimes in the body of the axis : probably this is the reappearance or persistence of a 
primitive condition. Similarly, the neural arch of the fifth lumbar vertebra (very rarely of 
one of the other vertebraB) may have a double origin, being divided by a cleft passing 
obliquely between the superior and inferior articular processes : according to Bambaud and 
Renault ^ there are always two nuclei in each half of the neural arch. 

BSRIAIj HOMOIiOaT 07 THB vubsbbbjb. 

It is evident from the foregoing descriptions that the different segments of the vertebral 
column are generally similar in construction ; and this similarity is for the most part so 
marked that there can be no doubt of the homodynamy of the several constituent parts of 
successive vertebras. In certain instances, however, there are peculiarities of arrangement 
which offer some difficulty in tracing the precise correspondence, and in explanation of these 
chiefiy the following brief sketch of the serial homology of the vertebrae is given. The 
accompanying views of the vertebrae and some of their varieties (fig. 23) will also assist the 
reader in comparing their forms. 

1. The series of centra or bodies, surrounding the primary axis of the notochord, is 
complete in man, from the odontoid process of the second vertebra to the caudal extremity. 
It must, however, be remembered that the part called the body of a vertebra includes not only 
the proper central ossification, but also the ventral extremity of the neural ossification on each 
side. The body is apparently absent in the atlas, but the part corresponding to the central 
ossification of that vertebra is united with the body of the axis in the odontoid process ; 
while the anterior arch of the atlas probably belongs to the series of subcentral parts or 
hypapophyses. The proofs of this view are derived mainly from, 1st, the remains of the noto- 
chord having been traced in the foetus through the odontoid process (and not through the 
anterior arch of the atlas) into the base of the skull ; 2nd, the separate ossification in cartilage 
of the odontoid process ; and Srd, the existence in some animals, as the omithorhynchus and 
some reptiles, of a bone corresponding to the odontoid process, in a separate condition, without 
any other part representing the centrum of the atlas. 

2. The series of neural arches is complete in the whole vertebral column of man, with 
the exception of the lower three coccygeal vertebrae, and in part of the first coocygeal and 
lower sacral vertebrae. The neural spines are also complete in nearly the same vertebrae as 
the arches. The spine is absent or little developed in the atlas, bifid at its extremity in the 
next four or five cervical vertebrae, but simple in all the remaining vertebrae in which it is 
present. 

3. The articular processes or sygapophyaes, superior and inferior (preaxial and 
postaxial), correspond in their relations throughout Uie whole of the vertebrae in which they 
exist, wit^ the exception of both of those of the atlas and the superior of the axis. In these 
vertebrae the articular processes are not in the series of zygapophyses, being situated in front 
of the place of exit of the spinal nerves, instead of behind it, and therefore in a position 
which corresponds to that of the part of the vertebral body formed from the neural ossifica* 
tion. The joints which they form must accordingly be looked upon as homologous with the 
lateral portions of the articulations between the bodies of the sucoeeding vertebrae. In the 
sacral vertebrae the articular processes, existing as such in early life, come to be in the adult 
united by anchylosis. In the lower three coccygeal vertebrae they are absent. 

^ "Origine et Developpement des Os," Paris, 1864. This work may be referred to for more detailed 
infoimation concerning the ossification of the Tertebra, as well as of the bones generally. 
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Fig. 23. — Views of different vertebrji frox above to illustrate their hoxolooies 

AMD soke of their VARIETIES. (Allen Thomson.) 

1, atlas ; 2, axis ; 3, fifth cervical ; 4, seventh cervical with supernumerary ribs ; 5, middle dorsal ; 
6, first dorsal, with costal arch and sternum attached ; 7, third lumbar ; 8, first lumbar with supernu- 
merary ribs ; 9, fifth lumbar ; 10, first sacral ; 11, lumbo-sacral vertebra ; 12. fourth sacral vertebra in 
a young subject ; 13, four coccygeal vertebne. In the several figures the parts are indicated by letters 
OS follows, viz , in 1, a, spine ; 7i, neural arch ; c', the space occupied by the odontoid process, or dis- 
placed centrum ; A, anterior arch ; ar^ superior articular process ; in 2, c", odontoid process ; ar, superior 
articular surface ; s', inferior articular process : in 3, c, centrum ; z, z\ superior and inferior articular 
processes : in 4, ^, transverse process ; r, vertebrarterial foramen ; co, moveable right supernumerary or 
cervical rib ; a;, with a dotted line marking the place where an anchylosed rib on the left side may be 
considered to be superadded to the transverse process of the vertebra : in 5, ^, transverse process with 
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costAl facet ; cc, costo-central facet : in 6, v, rascular interval ; ct, costo-transverse, and cc, eosto-central 
articulations ; co, first rib : in 7, m, mamillary, and a, accessory tubercles ; t, transverse process : in 8, 
CO, eo'f supsmumerary ribs: in 10, /, lateral mass: in 11, V, place of the lateral mass, remaining 
undeveloped in tbis instance : in 12, ^, the transverse process and lateral mass which unite with the 
corresponding parts above ; fff, anterior and posterior sacral foramina thus formed : in 13, c, the 
centrum, which alone remains in the lower coccygeal vertebras. 

4. It is in the comparison of the parts known in human anatomy under the gfeneral name 
of transverae procesaes that the main difficulty of establishing homologies exists. In the 
oerrical vertebras the processes so called are pierced by a vertebrarterial foramen, and 
most of , them have two tubercles. Those of the dorsal vertebrae are for the most part simple, 
but articulate with the tubercles of the ribs, whence they are known in comparative anatomy 
as the tubercular processes (diapophyses). At the place of articulation of the head of the rib 
with the vertebra there is in some animals a projection, called the cajntular process 
(parapophysis) ; this is represented in man only by the articular facet on the body, which is 
separated however from the proper central ossification by the neuro-central synchondrosis. 
It is generally admitted that the part of the cervical transverse process in front of the verte- 
brarterial foramen corzesponds to the first part of a rib, as is illustrated by the separate ossification 
of that piece of bone in the seventh cervical vertebra in man, and by the occasional occurrence 
of a more fully developed cervical rib in that situation (fig. 23, 4). 

In the lumbar vertebrae the transverse processes are elongated laterally, and at their root 
two other processes become apparent, viz., the mamillary or metapophysis directed preaxially, 
atid the accessory or anapophy/dSf directed postaxially. Several circumstances in the anatomy 
of the bones and muscles indicate that t-he outer part of the lumbar transverse processes is 
serially homologous with the first part of the ribs, but so intimately combined with both 
capittdar and tubercular processes, and the part lying between them, as to leave no arterial 
passage. This view i^ceives confirmation from the presence of a costid element in connection 
with the transverse process of the first lumbal* vertebra in the foetus, and its occasional 
development to form a supernumerary rib (p. 13 ; fig. 23, 8). 

In the sacral part of the column still greater departure from the form of the transveree 
process of the upper vertebrae takes place lay the large development and ossific union of the 
lateral parts. Throughout the w^hole five vertebrse recognised as sacral in man, this may be 
looked upon as occurring to some extent in portions of the bones which are serially 
homologous with the combined capitular and tubercular processes ; but in the upper sacral 
vertebrae, another element is interposed between the transverse process and the iliac surface 
of articulation, constituting the greater port'on of the lateral mass of the sacrum. This 
element is generally regarded as serially homologous with part of a rib, and those vertebrae 
which are thus connected to the ilium by means of a costal element are distinguished as true 
sacral, the remaining anchylosed vertebrae being called 7Mei/^(>-«<<rr^./. 

With the exception of the anterior arch of the atlas already referred to, there are no parts 
developed in the human skeleton corresponding to the hypapophyses which occur in connec- 
tion with the vertebral column of animals, such as the *' chevron " bones below the caudal 
vertebrae of cetacea, and the haemal arches enclosing the main artery of fishes. 



IL— ' 

The skeleton of the thorax consists of the dorsal Tertebrse already described, the 
sternum, the ribs, and the costal cartilages. 

THX BTSRNXJM OB BBXABT-BONZ. 

The Btemnm is situated in the median line at the fore part of the thorax. It 
is connected with the rest of the trunk by the cartilages of the first seven ribs on 
each side ; and at the upper end it gives attachment to the clavicles. It consists 
originally of six segments. The first of these usually remains separate from the 
rest, and is called the manubrium : the succeeding four are united into one in the 
adult, and form the hody : the sixth generally remains cartilaginous for some years 
after birth, and often partially so even to advanced age, constituting the ^ws^T^wi 
process; in middle life it is most frequently united by bone to the body. 

The sternum is flattened from before backwards, and presents a slight longitudinal 
curve with the convexity in front. It is of unequal width, being broad at the upper 
part of the manubrium, considerably narrower at the lower end of that portion and 
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Pig. 24.— Th» nEBstni: 

The Ronun numerals indicate the nrticular 



{Dmwn by D. Ounn. ) 

faces for the coireaponding rib-eartilageB. 



in the 6rBt segment of the body, somewhat wider near the lower end of the body, and 
finally narrowed at the junction with the eneiform procesa. It coneists of light can- 
cellated tissne, with a thin covering of compact bone. 

The mannbriiun (;>rcs(ern«m) is the thickest part of the bone. Ita anterior surfece 
presents a slight median elevation; its posterior surface is smooth and somewhat con- 
cave. Its upper border is divided into tliree deep notches ; the middle one is named 
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themeisura semilunaris, or interclavicular notch; the lateral ones form two depressed 
articular surfaces, directed upwards, outwards aud backwards, for articulation with 
the clavicles, and called the clavicular notches. Each lateral border presents supe- 
riorly, close to the clavicular notch, a rough triangular surface, which unites with 
the cartilage of the first rib. Below this the bone slopes inwards, and at its inferior 
angle presents a small surface, which with a similar one on the body forms a notch 
for the cartilage of the second rib. The lower margin is straight and united by 
cartilage to the upper margin of the body. 

The body {gladiolus, mesosternum) is marked on its anterior surface by three 
slight transverse elevations at the lines of junction of its four component parts. Its 
posterior surface is comparatively smooth. Each lateral margin presents five notches 
for the reception of costal cartilages, and a small surface above, which, with the 
similar depression on the manubrium, forms the notch for the second costal cartilage. 
The notches for the third, fourth, and fifth costal cartilages are opposite the lines of 
junction of the four segments of the body of the sternum ; those of the sixth and 
seventh are placed close together on the sides of the inferior segment, that for the 
seventh being completed by the ensiform process. 

The ensiform or xiphoid process {melastemum, xiphistemum) is a thin 
spatula-like process projecting downwards between the cartilages of the seventh 
ribs. It is subject to frequent varieties of form, being sometimes bent forwards, 
sometimes backwards, often forked, and occasionally perforated. 

The sternum is subcutaneous in the middle line, forming the floor of the sternal 
groove between the pectoral muscles, which cover the lateral portions of the anterior 
surface. The upper end is marked by the deep suprasternal notch; and the ensiform 
process lies at the bottom of the infrasternal depression, the latter being due to the 
prominence of the body and the seventh costal cartilages beyond the surface of the 
ensiform process. 

The length of the stemom and the proportions of its parts differ somewhat in the two 
sexes. In the male the body is as a rule slightly more than twice as long as the manubrium ; 
whUe in the female the whole bone is relatively shorter, and the body is usually less than 
twice the length of the upper segment. Individual variations are, however, frequent and great. 
(M. Strauch, Diss., Dorpat, 1881 ; T. Dwight, Joum. Anat., xv, 327, and xxiv, 627 ; F. Peter- 
moller. Diss., Kiel, 1890.) 

Varieties. — The sternum is subject to many varieties of form. It is not unfrequently 
much shorter than usual, and indented at its lower part, as occurs especially from the pteesure 
of the cobbler's last. Occasionally the lower part of the body is i)erforated by the so-caUed 
sternal foramen (fig. 30, E) ; and in rare cases the sternum has been found divided to a 
greater or less extent, constituting the malformation of JUtura sterni, and connected in some 
instances with ectopia cordis. 

Two small nodules of bone, ossa suprasternalia, have been found in some rare cases at th6 
upper border, close to the clavicular notches, united by cartilage and ligament to the sternum. 
Their position is indicated by the asterisks (**) in figure 30, E. They appear to be vestiges of 
the epistemal bone of monotremata and lizards, the lateral parts of which are represented 
normally in the interarticular fibro-cartilages of the stemo-clavicular articulations. 

THX BIBB. 

The ribs (costce), twelve in number on each side, constitute a series of arched 
and highly elastic bones, which extend outwards and forwards from the vertebral 
column, and form the lateral walls of the thorax. Their anterior extremities give 
attachment to cartilaginous prolongations — the costal cartilages, the first seven pairs 
of which pass inwards to the sternum. On this account the first seven pairs of ribs 
are called sternal^ also true, and the remaining five pairs asternal or false ribs. Of 
these asternal ribs, each of the upper three has its cartilage attached along its suparior 
border to the cartilage of the rib above it ; while the two last are entirely free from 
such attachment, and are tlience called floating ribs, ^^.^-^^c mdT*^^!^"^ " 

UNIVEBSIT^ 
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Qmnanl ohazactora of tli* riba. — Thrsc arc best marked in the ribs near the 
middle of the series. The posterior extremity is tliiclcened, and is tenned the head 



or capHulum ; ii presents a Ruperior and an inferior 
obliqae articular sarfiu-c for (irticiilation with the 
bodies of two verteljrja. and. between them, a alight 
ridge, to which the interartieuJar ligament is attached. 
At a little distance from tlie head, and aepiirnted from 
it by the aiightly constricted neck, is the luheroailij, 
an oval eminence which is divided into two parts by 
an oblique, proove ; the inner part is sraooth and 
articulates with the iransverse process of the lower of 





(Cran-nby D. Gunn.) J 

the two vertebne with which the head is connected. 

while the outer part is rough and serves for the 

attachment of the posterior ces to-transverse ligament. 

The whole extent beyond the tuberosity couatitntes 

the body. It is laterally compressed, and broader 

from above downwanla towanls the anterior extremity. 

Outside tlie tulwi-osity, o\'er the most convex part of 

the body, is a rough line which corresponds to the 

outer border of the erector spinoe miiHc.le, and marks 

the a)i(ih, bo called bceiiiise at this point the rib takes 

a more sudden curve, its direction being nowforwai'ds 

and outwards. The inferior border presents on its 

inner aspect the sutxvalal grooi-e, in which lie the 

intercostal vessels and nerve, and wliich is best 

marked opposite the angle and disappears in front. 

The anterior extremily of eacli rib is hollowed at its tip into an oval pit, in which 

the costal cartilage is implanted. 

Inclination and riin-es. — There is a general inclination of the ribs dowawards 
ftom the head to the anterior extremity, the slope being greatest between the head 



-Fifth b 



jw. (Dra' 



THE BIBS. 27 

and angle. The caire of the ribs is more marked bowardfl the back part than in 
front, eapeciallj near the angle. Besides the main curvefl now mentioned, the rib 
is slightly twisted on itself, bo that while its surfaces are vertical behind, they are 
placed somewhat obliquely in front. 

Speoud chanctws of certain ribs. — The ribs increase in length from the 
first to the seventh or eighth, and decrease to the twelfth, so that the last is little 




Fig. 27,— PiBST 1 

'" --n by D. Guon.) 

longer, often even shorter.tban the first. The first rib is (fie broadest, and after it 
the middle ones ; the twelfth is the narrowest. The distance of the angle from 
the tuberosity increases gradually from above down. 

The first rib is not twisted, and is so placed that its surfaces look nearly upwards 
and downwards. The head is small, and presents a single articular surface for the 
first dorsal vertebra. The neck is slender, and the angle coincides with the 
tuberosity. On the superior surface are two slight smooth depressions with an 
intervening rough mark, and a considerable rough surface behind. The rough 
surface marks the attachment of the scalenus medius muscle, the posterior depression 
the position of the subclavian artery, the anterior depression the subclavian vein ; 
and the intervening slight elevation, frequently terminating in a sharp spine on the 
inner edge — the scalene htberde — indicates the attachment of the scalenus anticus 
muscle. There ia no subcostal groove on the first rib. 

The Mcoad rili, longer than the first, presents extemallj a prominent roughness 
which marks the attachment of the serratns magnas. 

In the •I«T«ittb and twslfth ribs the articular facet on the head is single, and 
the tuberosity ia represented only by a slight elevation or roughness, without an 
articular facet. The subcostal groove is faintly marked on the eleventh, and is 
absent, together with the angle, from the twelfth. 

VarletlsB, — The nnmber <tt the ribs b BometimeB increased to thirteen on one or both 
■ides. The supemameraiy rib is nsnalt; Bbott. aad ia most frequently formed in connection 
with the tranaverse process of the first lumbor vertebra, or occasionally with the seventh 
cervical : in the latter case the additional rib has generally a donble attachment, viz., !« the 
body, and to the traDHverse process of the vertebra outside a vertebrarterial foramen (see 
fig. 23, i, T. t, and 8, fo). In rare instances the additional rib is associated with a 
thirteenth dorsal vertebra (see p. 13). The tenth rib fieqoently articulates oaXj with 
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one vertebra; and it may want the articular facet for the transverse process. The 
twelfth rib varies in length from 8 inches to less than an inch ; complete sappression 
is very rare. 




Fig. 28. — Tenth, elevekth, and twelfth ribs of the biqht side, from below. 

(Drawn by D. Gunn. ) J 

The costal cartilages prolong the ribs towards the Btemum. Their breadth 
diminishes gradually from the first to the last, while their length increases as far as 
the seventh, after which they become gradually shorter. Their line of direction 
varies considerably. The first descends a little, the second is horizontal, and all the 
rest, except the last two, ascend more and more from the rib towards the sternum as 
they are situated lower down. The external or costal extremity, convex and uneven, 
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U implanted into and united with the end of the corresponding rib. The internal 
extremities of the cartilages of the true ribs (except the first, which is directly united 
to the stemam without articular cavit;) are smaller than the external, and fit into the 
corresponding notches on the side of the sternum. Each of the cartilages of the first 
three false ribs becomes slender towards ita extremity, and is attached to the lower 
border of that which is next above it. The eleventh and twelfth are pointed and 
unattached. The fifth, sixth, seventh, and eighth cartilages form a series of inler- 
chondral ariitulations, by means of a broad process sent down from the rounded angle 
of the one meeting a less salient projection from the upper border of the next. 

Varietlea. — The eighth costsl cartilage not tinfreqaentily articulates with the Btemiun. 
Ocoasionaltf the eerenth costal OBrtila^e fails to reach the loeBoateniDni (owin^ to redaction 
of the latter), and meets its fellow in front of the ensiform proceas. The articulation 
between the fifth and sixth cartilages is sometiines wanting, and then one niay be formed 
between the eighth and niath. 

THX THORAX AB A WHOI.I!. 

The bony thorax is of a somewhat conical shape, flattened from before back, and 
mnch longer behind than in front. The posterior wall, formed by the dorsal 

Fig. 29.-FROST TIEW at ihk thorajt. 

1, mBnabrium ; 2, is close to the ptice of union of the 
first coitat cartilage ; 3, claiicutar Dotcb ; 4, bcdj of the 
st«mnm ; f>, eiuiform pTocesa ; 6, groOTe on the lower 
bonier of the ribs ; 7, the vertebral end of tbe ribe ; a, neck ; 
9, taberositj; 10, costal cartilage; 12, finl rib; 13, ita 
tuberosity ; 14, first dorsal vertebra ; 16, eleventh rib ; 16, 
twelfth rib. 

Yertebne and the ribs, is convex from above 

down, and, tbe ribs being directed backwards 

from the vertebrte as far as their angles, a broad 

furrow is produced on each side of the spines, which 

lodges the erector spinee muscle. The anterior 

wall, formed by the sternum and costal cartilages, 

is only slightly convex, and is inclined at an 

angle of 20° to 25° with the vertical. In the 

condition of expiration the upper border of the 

sternum is opposite the disc between the second and third dorsal vertebrae, the 

junction of the manubrium and body opposite the middle of the fifth dorsal vertebra, 

and the siphi-sternal articulation about opposite the interspace between the ninth 

and tenth doreal vertebrse. 

The sides are sloped outwards to about tbe ninth rib, are slightly convex from 
above down, and strongly arched from before hack. The upper aperture is 
oontracted, reniform, nearly plane, and much sloped downwards ; the lower is 
irregnlar ; the margin ascends on each side from the tenth rib to the xiphi-stemal 
articulation, and thus gives rise to the subcostal angle, in the centre of which the 
ensiform process projects. The form of the cavity corresponds generally to that of 
the exterior, but in the median plane tbe antero-posterior diameter is mnch reduced 
by the projection of the bodies of the vertebrse ; as a consequence of this and the 
Iwokward direction of the hinder ends of the ribs, a deep hollow is formed on each 
side, into which the posterior portions of the lungs are received, and thus the weight 
of the body is thrown farther back and is more equally distributed around the 
vertebral column. 
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The intercostal spaces are eleven In number, and somewhat wider above than 
below, bat varying with the elevation or depression of the ribs. 

In man the transverfie diameter of the thorax exceeds the antero-poBterior, whereas in 
quadrapeds the dorso-ventral diameter is usually the g'reater. In the human fcetus also the 
sagcittal diameter preponderates, and at the time of birth it is but little less than the 
coronal. In the female the thorax is relatively shorter, and more rounded than in the male. 

OSBnriOATION OF THX BTBRNUM AND RIBS. 

The ossification of the stemtim begins about the sixth month, and usually by a single 
centre in the manubrium. The next centre appears at the seventh month in the upper 
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Fig. 30. — 0SSIFICATI05 OF THX STERNUM. (R. QtUUD.) 

A, the cartilaginous sternum before tbe middle of foetal life. 

B, the sternum at birth. 1, 2, 3, & 4, the nuclei for the manubrium and upper three pieces of the 
body. 

C, the sternum soon after puberty, showing cartilage between the manubrium and body, and 
imperfect union of the first, second and third pieces of the body, while the third and fourth are 
united. 

D, a sternum at birth with an unusual number of ossific centres, six in the manubrium, 1', which 
is very uncommon ; two pairs in the lower pieces of the body 3' & 4', which is not unusual ; 2, the 
single centre of the fii-st piece of the body. 

E, Example of perforated sternum ; this figure also shows two suprsstemal bones, * *. C und B 
are reduced below the size of nature. 

segment of the body, and ossification follows in the next two segments shortly before birth. 
In the lower segment ossification begins in the first year or later, in the xiphistemum usually 
not before the sixth year, and often much later. In the manubrium there are sometimes two 



Fig. 31. — 051 OF THE MIDDLE RIBS 
▲T ABOUT TWEKTT TSABS OF AOl. 

(R. Quain.) 

1, body ; 2, epiphysis of the head ; 
3, that of the tuberosity. 

centres of ossification, one above the 
other, and occasionally several are 
met with. In the upper segment of 
the body the centre is most commonly 
single, but in each of the following 
segments there are frequently two, 
placed one on each side of the middle 
line. The lower segments of the body unite together after puberty, but the upper one often 
remains 8ei>arate till after the twenty-fifth year. The xiphistemum is united to the body in 
middle life ; the manubrium and body are only exceptionally joined by bone. The bony 
parts formed from the lateral centres of the lower segments of the body not nnfrequentlj 
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xexnain separate for a considerable time, and oooasionally, by defect of ossification or non* 
union across the middle line, leave the permanent median aperture referred to on p. 25. 

The ossification of the ribs begins in cartilage posteriorly about the eighth or 
ninth week of foetal life, and extends rapidly forwards, so as to reach the permanent 
cartilage about the fourth month. After puberty the centres of two small epiphyses appear 
in the cartilage of the head and tuberosity. These become united with the main bone by the 
twenty-fifth year. The epiphysis of the tuberosity is wanting in the eleventh and twelfth. 

In the adult the first costal cartilage usually becomes the seat of a superficial ossification, 
which may proceed so far as to form a complete sheath around it ; and in advanced life the 
other cartilages are frequently more or less covered by bone, especially on their anterior 
surface. The tendency to bony deposit is as a rule stronger in the male than in the female, 
but the age at which the ossification begins, and the extent to which it proceeds, are subject to 
great variation. The cartilage itself is but seldom ossified. 



m.— THE BONES OF THE HEAD. 

The skall, comprising the bones of the head, is of a spheroidal figare, compressed 
on the sides, broader behind than before, and supported on the vertebral colomn. 
All its bones, with the exception of the lower jaw, are immoveably united together 
by lines and narrow surfaces, more or less uneven, termed sutures. The skull is 
divided by anatomists into two parts, the cranium and the face. The cranium pro- 
tects the brain ; the face surrounds the mouth and nasal passages, and completes 
with the cranium the orbits or cavities for the eyes. The cranium is composed of 
eight bones, viz. : the occipital, t\vo parietal, the frontal, two temporal, the sphenoid, 
and the ethmoid. The face is composed of fouiteen bones, of which twelve are in 
pairs, viz. : the superior maxillary, malar, nasal, palate^ lachrymal, and inferior 
iurbifmte bones ; and two single, viz. : the vomer, and the inferior maxilla. The 
hyoid bone, suspended by ligaments from the under surface of the cranium, may also 
be classed with the bones of the head. 

THB OOCIPITAIi BONX. 

The occipital bone is situated at the lower and back part of the cranium. In 
general form it is flattened and lozenge-shaped, with the longest diameter directed 
from behind, forwards and downwards. It is much curved, so that one surface is 
concave and looks forwards and upwards, while the other is convex and looks back- 
wards and downwards. At the lower and fore part it is pierced by a large oval 
aperture, the occipital foramen or foramen magnum, which forms the communication 
between the cranial cavity and the spinal canal. The portion of the bone behind 
the foramen is tabular, the narrower part in front forms a thick mass named basilar 
process, and the parts on the sides of the foramen, bearing the condyles or articu- 
lating processes by which the head is supported on the aths, are the condylar 
portions. 

The two superior borders are deeply serrated, and articulate with the parietal 
bones in the lambdoid suture. By its two inferior borders, which are uneven but 
not deeply serrated, it articulates with the mastoid and petrous portions of the 
temporal bone ; while the extremity of its basilar process is united to the body of 
the sphenoid, in the young condition by cartilage, but after the age of twenty years 
by continuous osseous substance. The rhombic form generally given by the meeting 
of these borders at the four angles is not unfrequently somewhat changed to the 
octagonal, by the projection of subordinate obtuse angles between the upper and 
lateral, and between the lateral and lower angles. 

The tabular portion, on it& posterior surface, presents about the centre a promi- 
nent) — the external occipital protuberance, from which the superior curved line arches 
outwards on each side towards the lateral angle of the bone, thus dinding the 

I 
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Borfoce into two parts, an opper and ft lower. The protuberance varies greatly in 
ita derelopment in different sknlls ; wlien well marked it can be readi ly felt beneath 
the akin at the back < f the head. A little above the superior curved line there may 
generally be seen the less distinct highest curved line ' ; and between the two is a 
narrow Bemilunar area in which the bone is denser and smoother than either above 
or below. The part of the snrface above this is regularly convex, and is covered by 
the hairy scalp The lower part 's more uneven 't s d' 'ded into two lateral 
portions by a median r dge called the external occtpUal crest and each of these is 
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again divided into an upper and a lower surface by the wftrior curved line, which 
can be followed outwards to the extremity of the jugular process. The curved lines 
and the areas thna marked out give attachment to the numerous muscles of the back 
of the neck. 

Along- the hiirhest cnrved line the epicranial apoaeurosia is fixed to the bone. To the 
upper cnrved line are attached, internally the trapeiiuB. and extemallj- parts of the occipitmlis, 
Btemo-cleido-nuLBtoid, and i^pIeQiuB capitis muscles. Below the upper tine is a lar^e impression 
for the corapleTua ; and more eitcmally, immedioitely above the outer part of the lower line, 
lA a smaller mark where the obliqnuB capitis snperior is isnerted. The inferior carved lino 
forms the upper limit of two im|:re8sions, the inner one for the rectus capitis posticos minor, 
and the ontet one fbr the rectus posticus major. To the lower part of the protuberance and 
the external occipital crest the lipamentom nuchs is attached. 

The deep surface of the bone is marked by two smooth ridges which cross one 
another, one extending from the upper angle to the foramen magnum, and the other 
transversely between the two lateral angles ; at the point of interaection of these 

' P. Merkel, " Die Uoea nuchx roprema." Leipiig, 1871. 
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ridges is the intemal occipilat prohiberanee. Separated bj the lidges are font hollows, 
the snp»riOT and inferior occipital foiia, which lodge respectively the posterior 
cerebral and the cerebellar lobes. The superior, part of the, longitudinal and the '■ 
transverse ridges are gro^ved^o the course of the longitndinal and lateral venous 
sinuses respectively. The wider space where the longitudinal groove is continued 
into one of the lateral grooves (more frequently the right) by the side of the intemal 
occipital protuberance lodges the to^ular Heroplfifr The inferior part of the 
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longitudinal ridge is sharp, and la named the wterjial occipital crest. The margins 
of the tabular portion are deeply serrated above the lateral angles for articulation 
with the parietal bones ; below that level, they unite with the mastoid portions of 
the temporal bones. 

The oondrlor portaoas bear the articnlating condyles on their lower part, close 
to the margin of the foramen magnum in its anterior half. The condyles are 
elliptical, and converge somewhat in front ; their surfaces are convex from behind 
forwards and from side to side, and somewhat everted. On the inner side of each 
is a rough impression for the attachment of the lateral odontoid ligament of the 
axis. Perforating the bone at the base of the condyle is the anterior condylar 
foramen, running from the interior of the cranium immediately above the foramen 
magnum outwards and forwards, and transmitting the hyp<^loS9al nerve. Behind 
the condyle is a pit, posterior contli/lar fossa, contaiaiag nsually the posterior condylar 
foramen ; this gives passage to a vein, but it varies greatly in size, and is often 
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absent on one or both sides. Externally to the condyle is a projecting portion of 
bone known as the jugular process ; this lies over the transverse process of the atlas, 
and is continuons behind with the tabniar part, while in front it hasa free excavated 
margin, theyi^u^ noteh, which contributes, with a notch in the temporal bone, to 
fonn the jngnlar foramen. Its extremity presents a email irr^nlar snrface, which 
articulates with the jugular facet of the petrous part of the temporal bone by 
synchondrosis, passing into osaeoufl union at abont twenty-five years of age. The 
upper snrface of the jugular process is marked by a deep groove for the lateral sinns 
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leading to the jugnlar notch, and here is seen the inner opening of the posterity 
condylar foramen ; the under surface is rough for the insertion of the rectus capitis 
lateralis muscle. 

Tlitt basilar proo«n projecte forwards and upwards in the middle of the base 
of the skull. It increases in thicknees and diminishes in breadth towards its 
extremity. On the inferior surface in the mid-line is a small elevation, pharyngeal 
tubercle, for the attachment of the fibrous raph6 of the pharynx, and on each side of 
this are impressions for the rectus capitis anticns major and minor muscles. Its 
supeiior suiface presents a central smooth hollow, the basilar groove, which supports 
the medulla oblongata, and close to each lateral margin a shallow groove for the 
inferior petrosal sinus. 

Varlstlem. — The portion ol the bone above ttie BDpedor carved lines, nbick represents the 
interparietal bone oI lower animals, is in rare oases separated from the reet by a suture 
mnning transremely from one iateral angle to the other ; partial separation by lateoil fissures 
id often met with (p. TiJ). The area between the superior and highest cnrved lines is 
occasionully very prominent, constitutinjr the torug nrri/iilalig tramrertat. la Bome bones 
there is a groove along the internal occipital crest for the occipital siiiUB. The anterior 
conilj-liir foninien is not nnfrequently double. An iiitriijii-iiilar jiri'ci-j,.! is often seen in the 
form of a small projection at the fore part of the jagolar notch : occasionally it is longer, and 
meets the petrooa portion of the temporal bone (p. 71). A projectiou from the under aspect 
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of the JQ^Iar process repreeenta ihe paramattoid procciiot taxoj mammolB : itmajbe so long 
aa to meet the transverse process of the atlas. In rare cases an additional articulation is 
f oimed between the basilar process and the anterior arch of the atlas, or the tip of the odontoid 
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The parietal bonei form a cooBiderable parb of the roof of the skull. They 
haTe the shape of quadrilateral plates, convex externally, concave internally. Thej 
are a little broader and thicker above than below ; the anterior inferior angle is thti 
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moat projecting. They articulate with each other in the middle line above, with the 
frontal bone anteriorly, the occipital posteriorly, and the temporal and sphenoid 
below. 

Onthe outer sttrface, near its middle, a more marked convexity exists, forming 
the parietal eminence. Passing through or close below this are the superior 
and inferior temporal lines, enclosing between them a narrow curved portion of 
the surface, which is usually smocther and more polished than the rest. Below the 
inferior temporal line is the temporal surface, Eomewhat Battened, forming part of the 
temporal fossa, and giving origin to the temporal muscle. The surface above the 
upper line is covered only by the scalp. Close to the upper border, and nearer 
to the posterior angle, is the small parietal foramen. 

The inner siiifaee is concave, the deepest part, opposite the parietal eminence, 
being known as the parietal fossa ; it is marked by shalbw depressions corresponding 
with the convolutions of the brain, and by narrower furrows, branchin;: upwards and 
backwai'ds from the lower border, for the meningeal vessels. The largest of these 
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gi'ooveB, ninniog from the anterior inferior angle, is sometimes converted into a 
canal for a short distance. A alight depression along the inner part of the superior 
border forms, with the one of the opposite side, the groove of the longitudinal sinus ; 
and a depression at the posterior inferior angle forms a small part of the groove 
of the lateral sinus. Near the upper ixirder there are in most skulls, but particularly 
in those of old persons, small irregular pits, lodging the Pacchionian bodies. 

Borders. — The anterior sup nor and postenor borders are deeply serrated. The 
inferior border presents m the greater part of its extent a sharp or squamoos edge, 
with a shghtly Anted surface directed outwards and overlapped at its anterior 
extremity by the great wing of the sphenoid and behind that by the squamons part 



of the temporal bone ; its posterior part is serrated, and articulates with the mastoid 
portion of the temporal. The anterior border is slightly overlapped by the frontal 
bone above, but overiaps the edge of that bone below. 

VaxletlBB. — The parietal foramen variea greatlf ; frequently it is absent on one or both 
siilefl : in extreme cases it has been seen more than half an inch in diameter. As a rare 
occurrence the parietal bone is divided by a BUtote into an upper and a lower part. In senile 
boiies ooneiderable depressions of the outer surface are sometimes met with, the floor of which 
is not thicker than iiaper ; usuall}' on both sides and sjinmetrical (Humphry, Med. Chir. 
Trans., 1890). 

THE TBOMTAI. BOHZ. 

The frontal bona, arching upwards and backwai-ds above the orbiM, forms the 
fore part of the cranium ; it likewise presents inferiorly two thin horizontal lamiuie. 
the orbital plates, which form the roofs of the orbits, and are separated by a median 
excavation, the ethmoidal notch. It articulates with twelve bones, viz., posteriorly 
with the parietalB and sphenoid ; outside the orbits with the malars ; and between 
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the orbits, from before backwards, with the nasal, superior maxillary, lacbrTinal, aud 
ethmoid bones. 

Aataxior ■qr&oe. — The part forming the greatest convesity of the forehead on 
each side is called th.R frontal eminence. It ia separated by a slight depression beitiw 
from the moerciliary ridge, a carved elevation of varying prominence above the 
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mai^in of the orbit. Between the superciliary ridges is the surface called glabella. 

The margin of the orbit, the orhilal arch, is most defined towards its enter part ; it 

presents towards its inner third the suprmrhital nokh, sometimes a foramen, which 

transmits the supraorbital nerve and artery. The extremities of the orbital 

arch point downwards, ahd form the iniernal and 

external angular processes : the internal is but slightly 

marked ; it meets the lachrymal bone : the external is 

strong and projecting, and articulates with the malar 

bone. The temporal crest springs from the external 

angular process, and arches npwards and backwards to 

be continued into the temporal lines of the parietal 

bone : it separates the temporal from the frontal part 

of the outer surface of the bone. 

Inferior ■nr&cfl. — The orbital surfaces are some- 
what triangular, their internal margins being parallel, 
while the external are directed backwards and inwards. 
Close to the external angular process is the taehryrtial 
fossa, which lodges the lachrymal gland ; and close to the internal angular pro- 
cess is a small depression, trochlear fossa, where the pulley of the superior 
oblique muscle ia attached. Between the orbits in front is the nasal iioteh, 
bounded by a narrow semilunar serrated surface which articulates with the upper 
ends of the nasal bones and the nasai processes of the superior maxillEe. Occu- 
pying tlie concavity of the notch is the nasal process (Henle), which projects 
beneath the nasal and maxillary bones, supporting the bridge of the nose. On 
the posterior aspect of the nasal process are a small grooved surface on each 
side, which enters into the formation of the roof of the nasal fossa, and a 
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median ridge, which is contioned into a Bhai-p proceEs of variable length, the misal 
spine. The latter descends in the septum of the nose, between the crest of the nasal 
bones in front and the rertical plate of the ethmoid behind. Between the 
ethmoidal notch and the inner margin of the orbital suriace is an irregular area 
occupied by depressions forming the roofs of cells in the ethmoid bone. Traversing 
this surface are two grooves, which complete, with the ethmoid, the anterior 
and potlerior infernal orbital canals ; the anterior transmita the nasal nerrc and the 
anterior ethmoidal vessels ; the other, the posterior ethmoidal vessels. Farther 
forward is the opening of the frontal sinus, a cavity which extends within the bone 
for a variable distance behind the superciliary ridges. Onteide and behind the 
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orbital snr&ce there is a lai^e rongh triangular area which articulates with the great 
wing of the sphenoid. 

C«rabral Bnrfiace. — This surface forma a large concavity, except over the roolfe 
of the orbits, which are con\'ex. Upon it are seen the impressiona of the cerebral 

convolutions, which, with the intervening ridgee, are strongly marked over the orbita. 
A groove, ibe/rontal sulcus, lodging the superior longitudinal sinus, descends &om the 
middle of the upper margin of the bone, and is succeeded by the/ronlal crest, a ridge 
which runs down nearly to the lower margin. A small foramen, usually formed in 
part by the crista galli of the ethmoid, is situated at the base of the frontal crest ; 
it is known as the foramen ccEcum, being generally closed below, but it may transmit 
a minute vein from the nasal fossffl. On each side small ramifying fiirrowB, which 
loc^ branches of the middle meningeal vessels, run inwards from the lateral margin 
of the bone ; and at the upper part, in the neighbourhood of the longitudinal groove, 
are some depressions for Pacchionian bodies. The upper and greater part of 
the edge encompaEsing the cerebral surface of the bone is serrated, and articulates 
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with the parietal bones in the coronal sntnre in the manner before described ; the 
lower tranBverse part is thin and uneven, and articnlates with the greater and lesser 
wiugB of the ephenoid. 

Vorietlea — The trochlear fossa ia often faintly marked or abeent ; on the other hand 
there maj' be a small prominence, thetmcklt^r tpine, by the side of the depression (!0 percent., 
Merkel). The frontal bone is at times divided by a median frontal or mstojiic ruture, the two 
puts of the infantile bone having- failed to unite. This condition, which is termed miftopirni, 
wjs found by Anutschin to exist in S*T per cent, of European skulls, in 51 per cent, in Mon- 
golian taces^ in r2 per cent, of N^ro. and I per cent, of Australian skulls, A trace of the 
metopic suture is to be seen in nearly all adalt frontal bonee above the root of the nose {&g. 36). 
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The temporal bons takes part in the formation of the side and base of the sknll, 
and contains in its interior the oi^n of hearing. It is usually described in three 
parte, viz., an expanded anterior and superior part, the Bg%tamom portion, including 
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the zygomatic process, a thiclcer posterior portion, the mastoid, and below and 
between these ^e petrous portion, a three-sided pyramid, exhibiting at its base 
externally the aperture of the ear, and projecting forwards and inwards into the base 
of the skull. 

It articulates posteriorly and internally with the occipital bone, snperiorly with 
the parietal, anteriorly wiUi the sphenoid, by the zygomatic process with the malar. 
And by the glenoid cavity with the inferior maxillary bone. 

The sqaamoiu portion, or squamo- zygomatic, extends forwards and upwards 
from its connection with the other portions, and is Umited superiorly by an arched 
border which describes about two>thirds of a circle. 
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The inner surface is marked by cerebral impressionB, and by meningeal grooveB. 
At its npper border the out«r table is prolonged considerably beyond the inner, 
forming a thin scale with the fluted aorface looking inwards and overlapping the 
corresponding bevelled edge of the parietal bone. But in front, at its lower part, 
the border is thicker, looks forwards and inwards, is bevelled Blightly on the outer 
side, and serrated for articulation with the great wing of the sphenoid. 

The outer surface is in its greatest extent vertical, with a slight convexity, and 

SQUAMOUS PORTION 



PCTROUS PORTION 
Fig. 41.— Ekbt tbhpobal bohi: inaiB vitw. (Drawob;!). Giiiio.) 
The bone U rotated ilightlj about ■ BagitUl ii^iu, tb« upper border being moTed inwsnh. 

forms part of the temporal fossa. Above the aperture of the ear it is marked ly 8 
small, nearly vertical furrow for the middle temporal artery. From the lowest 
part of this surface a long process, the zygoma, takes origin. 

The zygoma, or zygomatic process, is connected with the lower and outer part of 
the squamous portion, aud is of considerable breadth at its base, which projects 
outwards. It then turns forwards, becomes narrower, and is twisted on itself so as 
to present outer and inner surfaces and npper and lower borders. The superior 
margin is thinner, and prolonged farther forwards than the inferior. The extremity 
.is serrated, and articulates with the malar bone. At its base the zygoma presents 
two roots : the anterior, continuous with the lower border, is a broad convex ridge, 
directed inwards on the under aspect of the bone : the posterior, also called the 
supramastoid crest, ia prolonged l^m the cpper border j it passcB backwards above 
the eiCcmal auditory meatus, marking tbe line of division between the squamong 
and mastoid portions of the bone, and turning upwards posteriorly forma the 
boundary of the temporal foxea. At the place where the two roots diverge is a 
slight tubercle, which gives attachment to the external lateral ligament of the lower 
jaw. Between the two roots is the glenoid fossa, a considerable hollow, elongated 
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from withoat inwardH, and divided into two jAits hy the nearly transverse Jissure 
of Glater. The posterior part of the glenoid fossa is formed bj the tympanic plBt« 
of the petrous division of the bone, is non-articular, and lodges a portion of the 
parotid gland : the anterior part of the fossa, together with the cylindrical elevation, 
arUetUar eminence, formed by the anterior root of the zygoma in front of the hollow, 
is coated with cartilage, 
and forms the concavo- 
convex snrface for arti- 
cnlation with the lower 
jaw ; the articular cavity 
ia bounded behind by 
a small conical proceee 
which descends in front 
of the external auditory 
meatus, and is known as 
the posfgJenoid procem. 
In front of the articular 
eminence, and separated 
from the temporal sur- 
face by a slight ridge, is 
a small triangular area 
which enters into the 
zygomatic fossa. 

The Buwtoid por- 
tion is rongh externally 
for the attachment of 
muscles, and is prolonged 
downwards behind the 
aperture of the ear into 
a nipple-shaped projec- 
tion — the mastoid pro- 
cess. This process has 
on its inner side a deep 
groove,the%a»frK/i)SM, Fig. 42.— Kiobt n 
which gives attachment 

to the digastric muscle ; and internal to that is the slight occtpilal groove, for the 
occipital artery. The internal surface of the mastoid portion is marked by a deep 
sigmoid depression, which is part of the groove of the lateral »nus. A passage 
for a vein, of very variable size, the maaloid faratiKit, usually pierces the bone 
near its posterior margin, and opens into the groove. 

The petrous portion, so named from ita hardness, contains the organ of 
hearing. It forms a three-sided pyramid, with its base directed outwards, one 
surface looking downw^ds, and the other two turned towards the interior of the 
sk-ull. 

Injmm surface, base, and apex. — At the base is the aperture of the ear. It 
-forms a short canal, the ezUmal auditoTij meatus, directed inwards and a little 
forwards, narrower in the middle than at its extremities, and leading into the cavity 
of the iijmpamm, part of which is seen from the exterior in the macerated bone. 
The external orihce is bounded above by the posterior root of the zygoma, and in 
the remainder of its circumference chiefly by the external auditory process, a curved 
uneven border, to which the cartilage of the ear is attached. This process is the 
thickened outer extremity uf the tympanic plate, a Iqmina one surface of which 
forms the anterior and inferior wall of the external auditory meatus and the 
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tjmpanam, while the other looks towards the glenoid fossa. The upper margin of 
the tympanic plate sinks beneath the squamous, and forms the posterior boundary 
of the fissure of Glaser ; while its lower margin descends as a sharp edge, the 
vaginal process, which partly surrounds the styloid process at its base. The styloid 
process is long and tapering, and is directed downwards and forwards. It is placed 
in front of the digastric fossa, and has immediately behind it the foramen which 
forms the outlet of the canal of the facial nerve, named stylo-masioid from its 
position between the styloid and mastoid processes. Internal to the stylo-mastoid 
foramen is a small irregular surface, the jugvlar facets which articulates by syn- 
chondrosis with the jugular process of the occipital bone. In front of this comes 
a smooth and deep depression, the jugular fossa^ which forms with the jugulai 
notch of the occipital bone the jugular foramen. In front of the jugular fossa is 
the carotid foramen, the inferior extremity of the carotid canal ; and internal to the 
carotid foramen is a rough, free surface which is continued into the inner 
extremity, or apex of the petrous bone. The carotid canal ascends at first perpen- 
dicularly, then turns horizontally forwards and inwards, and emerges at the apex, 
close to the anterior margin ; it transmits the internal carotid artery. 

The posterior surface looks backwards and inwards, and forms part of the 
posterior fossa of the base of the skull. About the centre of this surface is a large 
orifice leading into a short canal which is directed outwards, the internal auditory 
meatus. This canal is terminated by a plate of bone named the lamina cribrosa, 
from the numerous minute apertures which it presents for the divisions of the 
auditory nerve, while in its upper and fore part is the beginning of the canal called 
aqueduct of Fallopius^ which transmits the facial nerve. The aqueduct takes a some- 
what circuitous course through the petrous bone, passing outwards and backwards 
over the labyrinth of the ear, and then downwards to terminate at the stylo-mastoid 
foramen. 

The anterior or upper surface looks upwards and forwards, and forms part of the 
middle fossa of the base of the skull. A depression near the apex marks the 
position of the Gasserian ganglion. A narrow groove runs obliquely backwards and 
outwards to a foramen named the hiatus Fallcpii, which leads to the aqueduct of 
Fallopius, and transmits the large superficial petrosal nerve. Farther back is a 
rounded eminence, indicating the situation of the superior semicircular canal. 

The line of sepazation of this snrfaoe of the petzonB from the internal Borfaoe of the 
squamons is marked by a naxrow petrosquamous JissurOt commencing anteriorly at the retiring 
angle between the two portions, and generally to be traced leas distinctly to the posterior 
iborder of the bone. The portion of bone between this fissure externally and the eminence of the 
Buj.)erior semicircular canal and the hiatus Fallopii internally is a thin lamina, often perforated, 
which roofs in the tympanum and the common canal of the Eustachian tube and tensor 
tympani musde, and is known as the teamen tympanu 

The superior border is grooved for the superior petrosal sinus. The anterior 
border is very short, and forms at its junction with the squamous part an angle in 
which is situated the orifice of the Eustachian canal, the osseous portion of a tube 
of the same name, which leads from the pharynx to the tympanum ; and above 
this, par ially separated from it by a thin lamella, the cochleariform process, is a 
small passage which lodges the tensor tympani muscle. The posterior or inferior 
border internal to the jugular fossa articulates with the basilar process of the 
occipital bone, and forms with that the groove for the inferior petrosal sinus. 

Small foramina, Ao. — The opening of the aqueduct of the vestibule is a narrow fissure, 
covered oy a depressed scale of bone, and situated on the posterior surface of the petrous portion, 
about four lines outside the internal auditory meatus ; that of the aqueduct of the coohlea is a 
small foramen, beginning in a three-sided wider depression in the inferior margin, directly 
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below the mteroal auditory meatns. In the plate between the jngnlar foesa and the carotid 
canal is the foramen by which the nerve of Jacobson passes to the tympanom. In the 
ascending* part of the carotid canal is the minute foramen for the tympanic branch of the 
carotid plexus. In the jugular fossa are a groove and foramen for the auricular branch of the 
yagus nerre ; and pazallel to the hiatus Fallopii, close to the canal for the tensor tympani 
muscle, are a grooTC and foramen for the small superficial petrosal nerve. 

The so-called fissure of Glaser is in the inner portion of its extent a double cleft, the 
tympanic plate being here separated from the squamous division of the bone by a descending 
process of the tegmen tympani, which forms the greater part of the outer wall of the common 
canal of the tensor tympani ismd Eustachian tube. Between this process and the tympanic 
plate is a small orifice leading to the cavity of the tympanum, and lodging in the recent 
state the slender process of the malleus and the tympanic brancdi of the internal maxillary 
arteiy ; farther inwards is another small canal by which the chorda tympani nerve issues. 
The outer portion of the Glaserian fissure is entirely closed. 

The fundus of the internal auditory meatus may be 
most conveniently studied in an infantile bone, where the 
canal is short and the apertures relatively wide. A hori- 
zontal ridge, named crista falcfformis, runs from the anterior *""* '*^*'' 
wall of the meatus across the lamina cribrosa, so as to sepa- '<>"• witT.cc 
rate a small superior from a large inferior fossa. At the 
bottom of the superior fossa is a collection of minute aper- ^*^ 

tures giving passa^ to the filaments of the superior division of pjg^ 43^ Semi- diagrammatic 

the auditorynerve, and constituting the area cridroKtnf/;^/^; vnw of the fundus of the 

while the orifice of the aqueduct of Fallopius is placed on the right iNTSRirAL auditory 
anterior wall of the fossa. In the inferior fossa are seen — meatus of ah iafavt. 
1 , the area cribrosa media^ below the hinder part of the crest, ((iL D. T.) { 

for the nerve to the saccule ; 2, the foramen singulare^ at 

the lower and posterior part of the fossa, transmitting the nerve of the posterior semicircular 
canal ; and 3, the tractus spiralis forawinulentus, for the cochlear division of the auditory 
nerve, a series of minute holes beginning below the area oribrosa media, forming one turn 
and a half in a depression corresponding to the base of the cochlea, and ending at the foramen 
ccntrale cochlvce, the orifice of the central canal of the modiolus. 

From the fore part of the superior border of the petrous portion, where there is often a 
small projection overhanging the upper end of the groove for the inferior petrosal sinus 
(fig. 69), a fibrous band, the petro-sphenoidal ligament, extends to the lateral margin of the 
dorsum sellaQ of the sphenoid bone. This completes a foramen through which the inferior 
petrosal sinus and the sixth nerve pass. In rare cases the ligament is ossified. 

The description of the Small Bones of the Ear, with the Tympanum and Internal Ear, will 
be found in the chapter on the Organs of the Senses in YoL III. 

'I'UJB 8FEBNOID BONX. 

The sphenoid bone is placed across the base of the sknll, near its middle. It 
enters into the formation of the cavity of the cranium, the orbits, and the nasal fossae. 
It is of Teiy irregular shape, and consists of a central part or hodyy a pair of lateral 
expansions called the great wingsy a pair of smaller horizontal processes above, called 
the small wings, and a pair which project downwards, ihQ pterygoid processes. 

The sphenoid is articulated with all the seven other bones of the cranium and 
with five of those of the face, viz., posteriorly with the occipital and with the 
petrous portions of the temporals, anteriorly with the ethmoid, palate, frontal, and 
malars, laterally with the squamous portions of the temporals, the parietals, and 
frontal, and inf eriorly with the vomer and palate bones ; sometimes it touches also 
the superior maxilla. 

The body is hollowed out into two large cavities, the sphenoidal sinuses, 
separated by a thin median lamina, the sphenoidal septum, and opening anteriorly 
into the nasal fossae by two rounded apertures. The superior surface presents in 
the middle a deep pit, the pituitary fossa or sella turcica^ which lodges the 
pituitary body. In front of the fossa is an elevated portion of bone on a level 
with the optic foramina, the olivary eminence, on which the optic commissure rests 
in the slight cptic groove ; and in front of this is a surface on a somewhat higher level, 
continuous with the superior surfaces of the small wings, and having a slight pro- 
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jection forwards of ite aaterior border, which articalatea with the cribriform plate 
of the ethmoid, &nd is called the ethmoidal spine. Behind the pitoitat7 fossa is a 
prominent lamella, the dorsvm aelUe, the posterior surface of which is sloped 
upwards and forwards in continuatioa of the basilar groOTe of the occipital bone. 
The angles of this lamella project over the fossa, and are called the posterior cUnoid 
processes. On each side of the body the swf ace descends obliquely to a considerably 
lower level than the foesa : it presents close to the margin of the fossa a superficial 
winding groove directed fi^om behind forwards, ma^kiog the course of the internal 
carotid artery. Behind the commencement of the groove, and at the lower end of 
the lateral mai^in of the dorsnm selUe is a compressed projection, the petrosal 
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process of the sphenoid, which fits against the apex of the petrous part of the 
temporal bone ; and, opposite to this, on the outer nde of the groove, the more 
slender toogue-like process termed lingula sphmoidalis projects backwuds in the 
angle between the body and great wing. 

The posterior surface is united to the basilar process of the occipital bone, in 
early life by cartilage, but in adult age by continuous bony substance. 

The anterior surface is marked in the middle line by the spheiwidal crest, a thin 
projecting edge which descends from the ethmoidal spine, and articulates with the 
vertical plate of the ethmoid. The oblong surface on each side of the crest is 
divided into a mesial and a lateral part : the lateral part is irregularly excavated, 
aud articulates with the lateral mass of the ethmoid and the orbital process of the 
palate bone ; the meaial part is smooth and free, entering into the formation of the 
roof of the nasal fossa, and presenting near its upper end the rounded orifice of the 
sphenoidal sinns. The sphenoidal crest terminates below in the roslrvm, a sharp 
vertical prominence which is continued back some distance on the inferior surface, 
and fits in between the als of tlie vomer. These last and the vaginal processes of 
the internal pterygoid plates cover the great part of the inferior surface of the body. 

The sphenoidal torbinKts or aponry bouea (coTBua tpknu-idaiia, bniirii I'f lieriin) form a 
considerable part of the anterior wall of the body of the sphenoid, bounding the foramen of 
each sinnit. These bones have a triangular form, with the apes directed downwardB and bock- 
, wanis, and are in the adult oanallj incorpora(«d with the sphenoid, bat as eiplained in the 
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account of their d«Telopmeiit, were originally diatinct. They are oommonlj tmit«d by earlier or 
atronyer anolif losia with the ethmoid or palate bonea. bo as bj come away, at least ia part, with 
either of these in disart Jcnlation of theakull, and thus lay open the siihenoidal sinusea. A small 
portion of these bones sometimes appears on tlie inner wall of the orbit, between the ethmoid, 
frontal, sphenoid, and palate bones (Cleland in Phil. Trans^ I8G2). 

Each lateral surface of the body is for the most part occupied by the attachments 
of the two winga, hut at the fore part, below the root of the small wiug, there is a 
small free Barfac« which bounds the sphenoidal fissure iutcrnallj and forms the hind- 
most portion of the inner wail of the orbit (fig. C9, p. CG). 

The ntwll or orbital wings extend nearly horizontally outwards on a level with 
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the fore part of the superior surface of the body. The extremity of each is slender 
and pointed, and comes very close to, but nsnally not into actual contact with, the 
great wing. The superior snrface forms part of the anterior fossa of the base of the 
cranium ; the inferior overhangs the sphenoidal fissure and the back of the orbit. 
The anterior border, thin and serrated, articulates with the orbital plate of the 
frontal bone. The posterior border is prominent and free, and forms the bonndary 
between the anterior and middle cranial fossse, terminating internally in a smooth 
rounded projection, the anterior clinoid process. Between the anterior clinoid pro- 
cess and the olivai-y eminence is a semicircular notch in which the carotid groove 
terminates ; and in front of this is the optic foramen perforating the base of the 
wing. 

The great or temporal wingi project outwards and upwards from the sides of 
the body. The back part of each is placed horizontally, and occupies the angle 
between the petrous and squamous portions of the temporal bone ; from its pointed 
extremity it sends downwards a short and sharp projection, the spinous process. 
The upper and fore part is vertical, and three-sided, lying between the cranial 
cavity the orbit, and the temporal fossa (fig. GG, p. G4). The cerebral surface of the 
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great wing ie concave, and forms part of the middle fossa of the nase of the craninm. 
The external surface (temporo-zygomatic) is divided by a ridge, infratemporal crest, 
into an inferior part, which looks downwards into the zygomatic foEsa, and an elongated 
superior part, looking outwards, which forma a part of the temporal foesa (fig. 68, 
p. 66). The anterior surface looks forwards and inwards, and consista of a qnadri- 
lateral orbilal portion, which forms the back part of the external wall of the orbit, and 
of a smaller inferior portion which overiiangs the pterygoid process, looks into the 
spheno-maxiliary fossa, and ia perforated by the foramen rotnndnm. The posterior 
border in its mesial part bounds the foramen laceram, in its lateral part articalatea 
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with the petrous, aud forms with that a groove on the nnder aspect for the carti* 
loginons part of the Eustachian tube. The external margin articnlatea with the 
squamous, aud the extremity overlaps the anterior inferior angle of the parietal. In 
front of this comes a triangular surface, the sides of which arc formed by the upper 
margins of the cerebral, orbital, and temporal surfaces respectively, for articulation 
with the frontal bone. The anterior margin, between the orbital and temporal 
surfaces, articulates with the malar bone ; and below this is a short horizontal Iree 
eJgc separating the zygomatic and spheno-maxillary surfaces. Above and internally 
the orbital and cerebral surfaces meet at the sharp border which forms the inferior 
boundary of the spheauiual fissure, and which ia frequently marked at its inner part 
by a small projection giving attachment to the lower hml of the external rectus 
muscle of the eyeball. 

The pter7goid prooMHi project downwards aud slightly forwards from the 
adjacent parts of the body and the great wings. Each consists of two plates united 
in front and diverging behind, so as to enclose between them the pterygoid fossa, in 
which the internal pterygoid muscle arises. The ertemat pterygoid plate, broader 
than the internal, lies in a plane extending backwards and outwards ; its outer 
surface bounds the zygomatic fossa, and is impressed by the esteroal pterygoid 
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muscle. The internal pterygoid plate is longer and narrower than the external, and 
is prolonged below into the slender hook-like or Juimular process, round which in a 
groove plays the tendon of the tensor palati muscle. Above, the internal plate turns 
inwards beneath the body, from which its extremity remains distinct as a slightly 
raised edge, known as the vaginal process, which articulates with the everted margin 
of the vomer ; externally to this it is marked by a small groove, which contributes 
with the palate bone to form the pterygo-pdlaHne canal Posteriorly, the internal 
pterygoid plate forms at its base a small blunt prominence, the pterygoid tubercle, to 
the inner side of and below the orifice of the Vidian canal ; between this and the 
pterygoid fossa is a slight depression, called the navictUar or scaphoid fossa, occupied 
by the attachment of the tensor palati muscle ; and lower down, on the hinder 
margin of the plate, is a projection which supports the cartilage of the Eustachian 
tube. The interval between the lower ends of the pterygoid plates, pterygoid notch, 
is occupied by the pyramidal process of the palate bone. 

Fisstires and foramina. — Each lateral half of the bone presents a fissure, four 
foramina, and a canal. The sphenoidal fissure is the obliquely placed elongated 
interval between the great and small wings, closed externally by the frontal bone ; 
it opens into the orbit, and transmits the third, fourth, and sixth nerves, the 
ophthalmic division of the fifth nerve, and the ophthalmic veins. Above and to the 
inside of the sphenoidal fissure is the optic foramen, which is inclined outwards and 
forwards from the side of the olivary eminence, pierces the base of the small wing, 
and transmits the optic nerve and the ophthalmic artery. The foramen rotundum is 
directed forwards through the great wing, below the sphenoidal fissure ; it opens 
immediately below the level of the orbit, and transmits the superior maxillary nerve. 
The foramen ovale is large, and placed behind and a little external to the foramen 
rotundum, near the posterior margin of the great wing ; it is directed downwards, 
and transmits the inferior maxillary nerve and small meningeal artery. The 
foramen spinosum is a small foramen piercing the great wing, near its posterior 
angle, and transmits the large middle meningeal vessels. 

The Vidian or pterygoid canal pierces the bone in the sagittal direction at the 
base of the internal pterygoid plate. It opens anteriorly into the spheno-maxillary 
fossa, and posteriorly into the foramen lacerum ; and through it pass the Vidian 
nerve and vessels. 

Varieties. — ^A small tubercle is often seen on each side in front of the pituitary fossa, at 
the base of the oliyazy eminence, and immediately internal to the last part of the carotid 
grooye ; this is known as the middle clinoid proeestyajid is sometimes connected by a spicolum 
of bone to the anterior clinoid process, forming a caroticO'Clinoid foramen. Less frequently 
the anterior and posterior clinoid processes are similarly united. There are normally fibrous 
bands, interclinoid ligamenttf beneath the dura mater in these situations (Gruber). In some 
cases a superior petrosal process projects from the lateral margin of the dorsum sellaa (fig. 69), 
giving attachment to the petro-sphenoidal ligament (p. 48). The outer pterygoid plate may 
be connected by a bridge of bone or of ligament (pterygo-spinou*) with the spinous process. 
The foramen oyale and foramen spinosum are frequently incomplete at the posterior margin 
of the bone. The name of foravien of Vesalius is giyen to an aperture sometimes present on 
the inner side of the foramen ovale : it gives passage to an emissary vein. At the base of the 
spinous process, to the inner side of the foramen spinosum, there is occasionally a minute canal 
(canaliculus innominatus — Arnold) transmitting the small superficial petrosal nerve. 
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The ethmoid, or sieve-like bone, projects downwards from between the orbital 
plates of the frontal bone, and enters into the formation of the cranium, the orbits, 
and the nasal fossae. It is of a cuboid figure, and exceedingly light for its size, 
being composed of very thin plates of bone surrounding in great part irregular cells. 
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It cODsistB of a central vertical plate, and of tWo Idleral masses, ilnit«d at their 
superior borders by the horizontal cribri/ornt plate. It articulates with thirteen 
bones : the frontal, sphunoid and voiner, the nasal, lachrymal, superior maxillary, 
palate, and inferior turbinate bones. 

The vertical plate iica in the median plane, and forms the npper third of the 
septum of the nose (hg. 71, p. 6!)). ' Its superior border appears in the cranial 
cavity, above the cribriform plate, in the form of a ridge, rising anteriorly into a 
thick process, the crista galli, to which the falx cerebri is attached. The posterior 
mai^in of the crista galh is thin and smooth. '. The anterior is in its lower part 
broadened out, and divided into two alar processes, which project laterally, and are 
rough in front for articulation with the frontal bone : between them there ia usually 
a median groove completing the foramen ciecum. Below the level of the 

cribriform plate, the anterior 

-^*^ ;,„„„,„ border of the vertical plate 

,.f. „-■. t"'" /*|fi|kio slopes much forwards, and 

\ .-ttfWffS ^""""^ ^-"""' articulates with the nasal spine 

>— ^^—'"'•''SpF'^^Mafel^ of the frontal and with the 

1'^—J— ^^gjf j^^ "" ■'■""■ "^' nasal hones. The inferior 

A GSCSr^ '^ margin articulatesinfront,and 

■L|^ JMBj^' ' ( sometimes even in its whole 

^^^■•^^^^^^J^-i,?;' . J extent, with the septal carti- 

KiDDu r^^^/B^^B/rj^'' /cC.:c^^ '^^^ ^^ ^^'^ ^°^ '■ ''^ '^ P^' 

""^"* ^J^S^B^^P^^^^ j^ ""* terior half, in the adult, it is 

"•^i » ^ (^ip^^L:.j^ more or less completely joined 

"'°' ""''"" I by osseous union on one or 

^nJn.,e ..a«M both sides to the two plates 
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(Dnwn by D. Goon.) margm IS very thm, and is 

united to the crest of the 

sphenoid. This plate presents superiorly a number of grooves and minute canals, 

leading from the foramina of the cribriform plate, for the transmission of the 

olfactory nerves. 

Each lateral maaa or labTrinth encloses a number of spaces of irregular 
form, arranged in three sets, the anterior, middle, and posterior ethmoidal cells, which 
in the recent state are lined with prolongations of the mucous membrane of the 
nose. On its external aspect is a thin, smooth lamina, of an oblong form, the 
orbital plate or os planum, which closes in the middle and posterior ethmoidal cells, 
and forms a considerable part of the inner wall of the orbit (fig. 69, p. 60). The 
circumference of the orbital plate articulates in front with the lachiymal, behind with 
the sphenoid, above with the frontal, and below with the superior maxillary and palate 
bones, which often complete two or three ethmoidal cells. At the lower part of this 
aspect is a deep groove, which belongs to the middle meatus of the nose, and is 
limited below by the rolled margin of the inferior turbinate process. Anteriorly, the 
gi-oove curves upwards, and is continued into a pass^e named the infundibultim, 
which leads through the fore part of the lateral mass into the frontal sinus. Into 
the horizontal part of the grooi'c the middle ethmoidal cells open, and into the 
ascending part the anterior ethmoidal cells. In front of the orbital plate, the 
lateral mass extends forwards under cover of the lachrymal bone, which closes over 
the open anterior cells seen in the disarticulated ethmoid hone ; and from this part 
descends the uncinate process, a long thiu lamina, whicli curi'cs backwards, down- 
wards and outwards in the groove of the middle meatus. In the complete skull the 
uncinate process lies across the orifice of the antrum of the superior maxilla, aud 
forms part of the inner wall of that cavity ; at its extremity it articulates, by means 
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of one or two irregular projections, with the ethmoidal process of the inferior tur- 
binate bone (fig. 69, p. 66). 

The internal aspect of each lateral mass forms part of the external wall of the 
nasal fossa, and consists of a thin, uneven lamella, connected above with the cribri- 
form plate, and exhibiting a number of canals and grooves for branches of the 
olfactory ner\-e. It is divided at its back part by a channel, directed forwards from 
its posterior mai^in to about its middle. This is the superior meatus of Uis noxe, 
and conuDunicates with the posterior ethmoidal cells. The short, thin plate which 
overhangs this channel, is the superior lur- 
bi}uile process or spongy hone. Below the 
groove ia another plate, somewhat thick- 
ened and rolled ontwards inferiorly, the 
inferior iurhinale procets or middle spongy 
bone. This is free also in front and 




behind, and, as has already been seen on the outer aspect, ovcrhaugs the middle 
meatus of the nose. 

The superior margin of the lateral mass ia covered, and the cells completed, by 
the projecting inner border of the orbital plate of the frontal bone ; two grooves are 
seen crossing it, which complete with the frontal bone the internal orbital canals. 
The inferior margin is formed by the rounded edge of tbe middle turbinate bone, 
and is free in the nasal fossa. The anterior extremity presents one or two open 
cells, which are closed by the nasal process of tbe superior maxilla ; and the posterior 
extremity fits gainst the front of the body of the sphenoid, where it is commonly 
anchylosed with the sphenoidal spongy bone. 

The cribrifomi plate corresponds in size t« the ethmoidal notch of the frontal 
bone, which it occupies. On each side of the crista galli it is depressed into the 
olfactory groove which lodges the olfactory bulb, and is pierced by numerous 
foramina for transmission of the filaments of the olfactory nerves. The foramina 
in the middle of tbe groove are few, and simple perforations ; the internal and 
external sets, mora numerous, are tbe orifices of small canals which subdivide as 
they descend on the vertical plate and lateral mass. At the anterior extremity is a 
small fissure on each side of the crista galli, close to its base ; and externally to this 
is a notch or foramen, connected by a groove with tbe anterior internal orbitiJ 
canal, which transmits the nasal branch of the ophthalmic nene. 
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The upper Jaw, sitperwr maxilla, is the principal bone of the face ; it anpports 
all the teeth of the upper range, and takes part in the formation of the hard palate, 
the floor of the orbit, and the floor and lateral wall of the nasal cavity. It consists 
of a central part or body, and four processes. The body presents an external 
snrface, which is again snbdivided into antei-ior or facial, and posterior or zygomatie 
portions ; an internal or nosed surface, and a superior or orhUal surface. The pro- 
cesses are— the nasal or ascending, projecting upwards from the fore part of the 
body, the alveolar, forming the lower border of the bone and containing the alveoli 
or sockets for the teeth, the malar on the onter aspect, separating the facial and 
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zygomatic surfaces, and the palate process, projecting horizontally on the' inner side. 
The body is farther excavated by a large sinus or anlrum, which opens on the inner 
side into the nasal fossa. The saperior maxillary bone articulates with its fellow, 
with the nasal, frontal, lachrymal, ethmoid, palale, malar, vomer, and inferior tur- 
binate bones, and sometimes with the sphenoid. 

The faciai surface is marked at the lower part, where it is continuous with the 
outer surface of the alveolar process, by a series of emineocea coiTespouding in 
position to the fangs of the t«eth ; that of the canine is particularly prominent, and 
internal to this is a slight depression, the incisor or myrtiform fossa ; while between 
it and the malar process is the deeper canim fossa. Above the canine fossa, and 
close below the margin of the orbit, is the infraorbiial foramen, by which the infra- 
orbital nerve and artery issue. The inner margin of this surface is deeply excavated 
by the nasal notch, the sharp edge of which is produced below into the anterior 
nasal spine.' 

The zygomatic surface looks into the zygomatic and spheno-maxillary f osse ; it is 
conve.x, and presents about the centre one, two or more apertures of the posterior 
dental catiala, transmitting the vessels and nerves of that name ; the lower and 
posterior part of this snrface is prominent and rough, and is distinguished as the 
tuberosity. 
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The nasal mrface presents at the fore part a nearly horizontal ridge, the inferior 
lurhimU crest, for articulatioa with the inferior turbinate bone ; below the creat is 
a smooth concave surface belonging to the inferior meatus of the nose ; and above 
. the crest a smaller aorface, extending on to the base of the uasal process, and bound- 
ing the atrium of the middle meatus. Behind the naaal process is seen the 
lachri/mal groove, nearly vertical, bnt inclined alightly backwards and outwards, about 
half an incii in length, and leading into the inferior meatus ; the margins overhang 
the groove in front and behind, and the small interval left is closed by the lachrymal 
and inferior turbinate bones, thus completing the canal of the nasal duct. Behind 
the lachrymal groove is the lai^ opening into the antrum ; and above this there are 
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often one or two small hollows which complete the middle ethmoidal cells. Behind 
the opening of the antrum the surface is rough for articulation with the palate bone ; 
and traveraing the lower part of this roughness is a smooth groove, directed dowo- 
wards and forwards from the posterior margin, and completing with the palate bone 
the posterior palatine or pdlato-ma^llary canal. 

The orbital surface is triangular, flat, and smooth ; anteriorly it reaches the 
margin of the orbit for a abort distance at the root of the nasal process ; externally 
it is bounded by the rough sarface for the malar bone. The internal border presents, 
behind the nasal process, an excavation which receives the lachrymal bone, the 
iatknjmal notch, and then a nearly straight margin for articulation with the 
ethmoid and palate bones. The posterior border is smooth, rounded and free, and 
bounds the spheno-maxillary fissure ; the infraorbital groove commences here, and 
leads forwards iuto the canal of the same name, which opens anteriorly by the infra- 
orbital foramen. From the infraorbital are given off the anterior and middle denial 
canaU, which run down in the aubatance of the facial portion of the bone, and 
convey the anterior and middle dental vessels and nerves. 

The nasal process, slender and tapering, has an external surface, smooth and 
contiuDons with the facial sarface of the body, and an internal surface, the hinder 
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part of which is irregular, and fits against the anterior extremity of the lateral mass 
of the ethmoid, completing the foremost cells of that bone ; in front of this the 
surface is free in the outer wall of the nasal fossa, and in its lower part is crossed by 
a smooth oblique ridge, called the agger nasi, which forms the upper boundary of 
the atrial surface of the body. The anterior border is rough, often grooved, for 
articulation with the nasal bone, and its summit is serrated for articulation with the 
frontal. Posteriorlv, it presents a continuation of the lachrymal groove^ which has 
already been seen on the nasal surface of the body, and which here lodges the lachry- 
mal sac : the groove is bounded internally by a sharp linear edge, which articalates 
with the lachrymal bone, and externally by a smooth border which forms part of the 
orbital margin. 

The alveolar border or process, thick and arched, is hollowed out into sockets 
or alveoli, corresponding in number, form, and depth to the roots of the teeth, which 
are fixed in them. 

ThQ malar process is thick and triangular: its anterior and posterior surfaces 
are continuous with the facial and zygomatic surfaces of the body ; the superior is 

Fig. 52. — Front part of the palate and alveolar arch of an 

ADULT. \ 

Showing the openings into the anterior palatine foRsa. 1, 2, are 
placed on the palate plates of the superior maxillary bones ; 4, anterior 
palatine fossa, in which are seen four openings— the two lateral, with 
lines pointing to theiu from 1 and 2, are the incisor foramina ; the 
anterior and posterior, indicated by 3 and 4, are the foramina of 
Scarpa. 

rough and grooved to support the malar bone. The inferior border runs down on 
the outer surface of the body in the form of a thick buttress opposite the first molar 

tooth. 

The palate process or plate, along with that of the opposite side, forms about three- 
fourths of the hard palate. Its superior surface is smooth, and concave from side tf» 
side ; its inferior surface is vaulted and rough, and is marked laterally with grooves 
for nerves and vessels, which reach the palate through the posterior palatine canal. 
Its posterior extremity falls short of that of the alveolar arch and body of the bone, 
and articulates with the horizontal plate of the palate bone, which completes the 
hard palate. The mesial border, finely serrated, rises into a vertical ridge, which, with 
its fellow, constitutes the nasal crest--dk grooved elevation receiving the lower margin 
of the vomer ; at the fore part this border rises suddenly to a considerable height, 
and the more elevated portion is distinguished as the incisor crest ; forwards this is 
prolonged into the anterior nasal spine, on its upper border rests the septal cartilage 
of the nose, and into the angle behind it the truncated anterior extremity of the 
vomer fits. Close by the side of the incisor crest on the upper surface of the palate 
plate is seen a foramen which is directed downwards to the mouth, but in the lower 
half becomes converted into a wider groove by deficiency of the inner wall. Thus, 
when the two bones are placed in apposition, one orifice of considerable size is 
formed on the palatal aspect, which divides above into right and left branches leading 
to the corresponding nasal fossae ; the lower aperture is the anterior palatine fossa (or 
canal), the lateral branches are the incisor foramina (or canals) or foramina of 
Stensen. Farther, in the middle line are two other smaller foramina opening into 
the anterior palatine fossa, one before, the other behind ; these are the foramina of 
Scarpa. 

The incisor foramina are placed between the two elements, the premaziUa and the maxilla 
proper, which make up the superior maxillary booe of human anatomy, and are the remains 
of a primitiye communioatlon between the nose and mouth. In the lower animals they aze 
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generally of large size, and open separately on the palate. A median anterior palatine fossa 
reoeiying the two incisor foramina is mftt with only in man and a few animals, and the deeply 
placed lamina which then bounds the incisor foramen on the inner side corresponds to the 
mesial palatine process of the premaxillary bone of other animals. The foramina of Scarpa 
lie in the suture between the laminae referred ta They transmit the naso-palatine neryes, the 
nerve of the right side occupying, according to Scarpa, the posterior one, which is usually the 
larger, and that of the left side, the anterior ; but they are very inconstant. (Scarpa, Annot. 
Anatom., lib. ii, cap. 5.) 

The maxillary sinus or antrum of Highmore haa an irregularly pyramidal form. 
Its walls are thin : the sides correspond to the facial, zygomatic and orbital surfaces 
of the body ; the base to the nasal surface ; and the apex extends into the malar 
process. The large aperture is closed to a considerable extent by the uncinate 
process of the ethmoid, the palate and inferior turbinate bones ; and in the fresh 
state it is reduced by the mucous membrane to a small orifice through which the 
cavity communicates with the middle meatus of the nose. Its extent below generally 
corresponds with that of the molar teeth, and the outer alveoli of one or more of 
these form prominences in its floor. 



THX PALATX BOmB. 

The palate bone forms the back part of the hard palate and the lateral wall 
of the nose between the superior maxillary bone and the internal pterygoid plate. 
It consists of a horizontal and a vertical plate united at a right angle, and of 
three processes, viz., the tuberosity or 
pyramidal process, extending outwards 
and backwards from the junction of 
the horizontal and vertical plates, and bphcnoiom. 
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surmounting the vertical plate. 

The palate bone articulates with its 
fellow, and with the superior maxillary, 
ethmoid, sphenoid, vomer, and inferior 
turbinate bones. nasal crcbt ^HSiSL^ rocM 

The horizontal or palate plats pre- ^^^^ ^^^^ 
sents a superior surface, concave and spine ^ 
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smooth, formmg the back part of the horizontal platc 

floor of the nasal fossa, and an inferior 
surface, completing the vault of the hard 

palate, and marked near its posterior ^ig, 53.-Right palate bone, prok behihd. 
border by a transverse ridge to which (Drawn by D. Gunn.) 

some tendinous fibres of the tensor 

palati muscle are attached. The anterior border articulates with the palate process 
of the superior maxilla ; the posterior is free, concave and sharp, giving attach- 
ment to the soft palate, and produced at its inner end into a sharp point, which 
with that of the other side forms the posterior nasal or palatine spine ; internally 
it articulates with its fellow by a thick serrated border, forming a continuation of 
the nasal crest of the superior maxillae, and also supporting the vomer ; externally, at 
its junction with the vertical plate, it is grooved by the extremity of the posterior 
palatine canal. 

The vertical plate is very thin. Its internal or nasal surface is divided into two 
parts, corresponding to the middle and inferior meatuses of the nose, by a nearly hori- 
zontal ridge, the inferior turbinate crests which articulates with the inferior turbinate 
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bone ; and at the npper end of the surface, crosBing the roots of the two processes, 
is another less marked ridge, the ethmoidal or superior lurUnaie cresi, which articn- 
lates with the middle turbinate bone. The external surface presents, nearer to the 
posterior border, a narrow smooth surface which forms the inner wall of the pterygo- 
maxillarj fissure, and leads down to a deep groove forming with the superior maxil- 
lary bone the pahio-maxillaTij or posterior palatine canal for the transmission of 
the lai^e palatine ncrre and vessels ; in fr^jnt of the groove the surface is applied 
against the superior maxillary bone, and overlaps the orifice of the antrum by a thin 
tongue-shaped projection, the maxillaTy process, which may attain a considerable 
size ; behind the groove it articulates iaferiorly with the hinder border of the 
maxilla, superiorly with the inner surface of the pterygoid process. 




Fig. 54.~EiaHT 
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The ptjramidal process or luberosily fits into the notch between the pterygoid 
plates. It presente posteriorly a triangular surface which is concave and smooth, 
and completes the pterygoid fossa : on each side of this ia a narrow area, the 
internal deeply grooved, the external rough, for articulation with the anterior 
border of the corresponding pterygoid plate. Externally there is a small free 
surface which appears between the tuberosity of the superior maxillary bene and the 
pterygoid process in the zygomatic fossa (fig, 68), Inferiorly, close to its con- 
nection with the horizontal plate, are the orifices of the posterior and external 
accessor;/ palatine canals which transmit the lesser palatine nerves ; the external is 
the smaller and less constant. 

The orbital process surmounts the anterior margin of the vertical plate. It is 
somewhat pyramidal in shape, and has five surfaces, two of which, the superior and 
external, are free, and the rest articulated. The superior surface forma the posterior 
angle of the floor of the orbit (fig. 69), the external looks into the spheno- 
maxillary fossa, the anterior articulates with the maxillary, the internal with the 
ethmoid, and the posterior, which is small, articulates with the sphenoid. The 
process is generally hollow, and the cavity completes one of the posterior ethmoidal 
cells, or it may open behind into the sphenoidal sinus. 

The sphenoidal process curves upwards and inwards from the posterior part 
of the vertical plate. Its superior surface is iu contact with the body of the 
sphenoid and the base of the internal pterygoid plate, and is grooved for the com- 
jdetioQ of the ptetygo-palatine cauat ; its internal or under surface looks to the 
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nasal fossa ; and at its base a third surface looks forwards and outwards into the 
spheno-maxillary fossa. Its innef extremity touches the ala of the vomer. 

The two processes are separated by the deep spheno-palaiine notch, which is 
closed above by the body of the sphenoid, and thus converted into the foramen of 
the same name. It leads from the spheno-maxillary fossa into the nasal cavity, and 
transmits the internal nerves from Meckel's ganglion and the nasal branch of the 
internal maxillary artery, with corresponding veins. 

Varieties. — The grooye of the posterior palatine canal is sometimes closed in below, so 
that the opening on the palate is bounded solely by the palate bone. The spheno-palatine 
notch may also be converted into a foramen by the union of the upper ends of the sphenoidal 
and orbital processes ; or the foramen maybe double from the development of an intermediate 
osseous bridge. The orbital process varies greatly in size ; its orbital surface is frequently 
enlarj^ed from the union with the palate bone of a portion of bone ossifying from a separate 
centre, usually united with the ethmoid or sphenoid, and already described with the sphe- 
noidal spongy bone (p. 45). The external accessory palatine canal is often wanting ; or it 
may be placed between the palate and superior maxillary bones. 
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THS VOMER. 

The vomer is a thin median bone, irregularly quadrilateral, and placed 
vertically between the nasal fossas. It articulates with the sphenoid, ethmoid, 
palate, and superior maxillary bones, and with the septal cartilage of the nose. 

The surfaces are smooth and in 
the recent state covered by mucous 
membrane ; each is traversed by a 
faint groove running downwards 
and forwards, and conducting the 
naso-palatine nerve to the canal of 
Scarpa. The superior border is by 
far the thickest part of the bone, 
and is divided into two spreading 
al(By which fit under the body of the 
sphenoid, receiving the rostrum into 
the groove between them ; the edge 
of each ala meets the vaginal process 
of the sphenoid and the cphenoidal 
process of the palate bone. The anterior border, sloping downwards and forwards, 
is grooved for the septal cartilage, and in the upper half is united by anchylosis on 
one or both sides with the perpendicular plate of the ethmoid. 

The anterior extremity of the vomer forms a short vertical edge which fits in 
behind the incisor crest of the maxillaries, and from the upper end of which a process 
projects forwards in the groove of the crest, while from its lower end a point 
sometimes projects downwards between the incisor foramina. The inferior border 
articulates with the nasal crest of the maxillary and palate bones. The posterior 
border, thin, smooth, and unattached, separates the posterior nares. 




CROOVC or NASO-PAC NCRVC 



Fig. 55. — ^VOMSR, FROK THB RIGHT SIDI. 

(Drawn by D. Gimn.) 



THX MAIiAB BOHZ. 



The malar bone forms the most prominent part of the cheek, and separates 
the orbit from the temporal fossa. It is quadrangular in shape, with the angles 
directed vertically and horizontally. The outer surface is convex, and presents a 
little below the centre a slight elevation called the malar tuberosity ; above this is 
the orifice of the malar canal. The inner surface is concave, and looks into the 
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temporal and zygomatic fossee. The npper aogle, frontal process, ia the moflt 
prominent, and ie serrated at the extremity for articdation with the eitemnl angular 
process of the frontal bone. The border behind this, temporal, is sinuoos and con- 
tinnooB with the upper et^ of the zygoma. The posterior angle, temporal process, is 
serrated for articalation frith the extremity of the zygoma, and the postero-inferiot 
border, masseteric, thick and rough, completes the lower edge of the zygomatic arch. 
The an tero -inferior border, maxillary, together with a rough triangular part of the 
inner surface, articulates with the malar process of the superior maxilla. The 
remaining border, orbital, is strongly excavated, smooth and rounded, and forms a 
great part of the orbital margin ; from this the orbital process projects backwards 



and inwards, a triangular, curved plate, forming the fore part of the outer wall of the 
orbit, and articulating by its rough edge with the great wing of the sphenoid; 
between the sphenoidal and maxillary articulations there is frequently a small free 
margin which closes the anterior extremity of the spheno-m axillary fissure. On the 
orbital surface of this process are seen two grooves leading to small canals, the 
temporal, opening on the temporal surface, and the i>ialar leading to the facial surface 
of the bone ; they transmit the two divisions of the temporo-malar branch of the 
superior maxillary nerve. 

Varieties. — The malar bone is larel; divided by ft horiiontal sntwre into an apper larger 

and a lower sinaUer part. The mnaU canals are enbject to great variation ; the; maj begin 
with B common opening on the orbital surface ; either may be doable ; or one ma; fail 
entirely. There is often a well marked projection at the upper port of the temporal border, 
called the marginal jiroeca ; it givee attachment ta a Btrong band of the temporal faacia 
In the nnmeroDS casea in which the malar bone does not enter into the formation of the 
Bpheno-maiillary fissure, it is eicluded either by the artictilation of the great wing of the 
sphenoid with the superior maiilla. or by a small Wormian bone. 



THB HAHAI. BONB. 

The luuul bonag form the bridge of the nose. They are narrow and thick above, 
but gradually become wider and thinner below. The superior border of each is 
serrated, and articulates witli the inner part of the nasal notch of the frontal bone : 
the inferior is free in the dried skull, bat in the recent state it gives attachment to 
the lateral nasal cartilage ; it is generally marked by a small notch near its inner 
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end. The external border is the longest, and articulates with the nasal process of 
the superior maxilla, being supported by small teeth which fit into depressions on 
the edge of that bone. The internal border is thicker above than below, and meets 
its fellow in the somewhat irregular intemasal suture, which commonly deviates to 
one side at the upper end : the two 
bones form posteriorly a median crest, 
which rests from above down upon the 
nasal spine of the frontal bone, the ver- 
tical plate of the ethmoid (fig. 66), and 
the septal cartilage of the nose. The 
anterior or facial surface is concave firom 
above down at its upper part, convex 
below, and presents a small vascular fora- 
men. The posterior or nasal surface is 
rough for a short distance above, where it 
rests upon the nasal process of the frontal 
bone (fig. 88) ; in the rest of its extent it 
is concave and smooth, being lined by the 

mucous membrane of the nose ; and a little external to its centre it is traversed by 
a small longitudinal groove which lodges the nasal nerve. 

VarietleB. — The form and dimensions of the nasal bonee vary greatly in different indi- 
yiduals. They are in general relatively large and prominent in the white races, small and 
flat in the dark and yellow races. Fusion of the two bones, l^ obliteration of the intemasal 
sntnre, is occasionally, though rarely, met with : this condition is usual in ai)ec. 
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Fig. 58. — RlQHT XASAL BOKE : A, IHiriR VIEW ; 

B, OUTER VIEW. (Drawn by D. Guiin.) 
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TBS ULOERYlCAZi BONX. 

The lachrymal bone, or os ungm's, is a thin scale of bone placed at the 
anterior and inner part of the orbit (fig. 69). It articulates above with the frontal 
bone, behind with the orbital plate of the ethmoid, 
and in front with the nasal process of the superior 
maxilla. 

The external surface is divided by a vertical ridge, 
the lachrymal crest, into two parts : the anterior is 
grooved, lachrymal groove, for the lachiymal sac, and 
this part is prolonged inferiorly beyond the orbit as the 
descending process which assists in bounding the canal 
of the nasal duct, and articulates with the inferior 
turbinate bone ; the posterior part, broader, is flat, con- 
tinuous with the orbital surface of the ethmoid, and is 
produced below into a hook-like projection, the hamular 
process, which curves forwards in the lachrymal notch of 

the superior maxilla and bounds the orifice of the nasal duct on the outer side 
(fig. 66). The internal surface superiorly completes some anterior ethmoidal cells, 
and inferiorly looks into the middle meatus of the nose. 

Varieties. — The lachrymal bone yaries much in size : complete absence has been observed. 
It is sometimes perforated, or reticulate, or divided into two or more pieces. The hamular 
process is often very small, and sometimes wanting. On the other hand it may be unusually 
long, and reach the orbital margin, or even, in rare cases, extend slightly onto the face : 
this represents a more largely developed facial portion of the lachrymal bone in many 
mammals. Occasionally the place of the hamular process is taken by a separate ossicle. 
(Gr^enbaur, Morph. Jahrb., vii. ; Macalister, Proc. Roy. Soc., 1884.) 



Fig. 59. — Right laohbtval 
bone: OUTER VIEW. (DrawB 
by D. Gann.) 
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TEH IMTZRIOB TUBBntATH BOim. 



The iufsrior trirlniLate or spongy bone is a slender lamina, attached b; ite 
upper margin along the lateral wall of the nose, and projecting into the nasal cavity, 
80 as to divide the middle from the inferior meatna. It is slightly involuted, ite 
convexity looking inwards, and ite lower mai^in is free, somewhat thicla^ed, and 
rolled upon itself. The attached margin articulates in its fore part with the inferior 
turbinate crest of the snperior maztllaiy bone, then ascends abniptly, forming the 
lachrymal process, which completes the lachrymal canal and articiUates with the 
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lachrymal bone ; behind this it is folded downwards in t\x6 maxillary process, foraaag 

part of the inner wall of the antrum below the entrance into that cavity {6g. C9) ; 
above and behind this, it presents a variable projection, the ethmoidal process, which 
articulates with the uncinate process of the ethmoid ; and posteriorly it is attached 
to the inferior turbinate crest of the palate bone. The posterior extremity is 
elongated, sharp and pointed ; the anterior flattened and broader. 

This bone is marked by irregular pits, grooves and canals for vessels, which arc 
directed for the most part longitudinally, but not, as the turblnal parts of the ethmoid 
are, with vertical grooves for the olfactory nerves. 

THK INFBBIOB w»ttt.t.*tiT BONX. 

The lower jaw, inferior maxilla, mandible, is the thickest and strongest bone of 
the face, and moves on the rest of the skull by means of a pair of condyles ari^icn- 
lating with the glenoid fosste of the temporal bones. It has the shape of an inverted 
arch bent forwards npon itself, and consists of a middle larger nearly horizontal 
pai-t — the body, and of two ascending branches or rami. 

The body is marked in the middle line in front by a faint vertical ridge, indicating 
the symphysis or place of union of the originally separate lateral parts : this expands 
below into the triangular elevation of the chin, or mettlal jyroluberance, the base of 
which is in well-marked bones slightly depressed in the centre, and prominent on 
each side, forming the mental tubercle. The snperior or alveolar border of the body 
is hollowed out into sockets for the teeth. The inferior border or base is thick and 
rounded, and projects beyond the superior. On the outer surface, on each side of 
the symphysis, below the incisor teeth, la a shallow depression, the incisor fossa ; and 
more externally is the mental foramen, placed midway between the upper and lower 
borders, and onder the interval between the two bicuspid teeth ; it is the anterior 
opening of the denial canal, and transmits the mental nerve and vessels. Close below 
the foramen is the somewhat indefinite external ohliqtte line, running from the 
mental tubercle backwards and upwards to the anterior margin of the ramus. The 
deep surface is marked, on each side of the symphysis, along the inferior mai^in, by 
an oval depression, indicating the anterior attachment of the digastric muscle. 
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Above this ttte the menial ajnms, the lower being a small median ridge (often only a 

alight roughness), to which the genio-hyoid muscles are attached, and the upper a 
pair of more prominent tubercles, giving origin to the genio-glossi. Above the 
upper spines a small median foramen penetrates the bone, and continued upvrards 
irom this there is often to be seen a narrow groove marking the Bymphysis. Begin- 
ning below the mental spines, and passing backwards and upwards to the ramus, is 
the prominent inieitial oblique line or mijlo-hi/oiil ridge, which gives origin to the 
mylo-hyoid mnscle, and at its hinder end to a slip of the superior constrictor of the 
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pharynx. Above this line is & smooth depression for the sublingnal gland, and 
more posteriorly beneath it another for the submaxillary gland. 

The ramus is tbinnei' than the body of the bone. Ita posterior border in meeting 
the line of the base forms the a^iffle of the jaw, which is more or leas rounded off, 
and usually a little everted. The external surface is flat and impressed by the 
masseter ; towards the angle irregular oblique ridges mark the attachment of 
tendinous bundles of the muscle. The internal surface presents about its middle, 
and on a level with the crowns of the lower molar teeth, the inferior denial foramen, 
leading into the dental canal, which lodges the dental none and vessels. The inner 
margin of the foramen is sharp and prominent anteriorly, forming the linijula. 
Beginning at a notch behind the lingula is the mylo-kyoid ffroove (occasionally a 
canal for a short space), marking the passage of the mylo-hyoid nerve with com- 
ponion vessels : it runs downwards and forwards to the body of the bone, and 
terminates below the hinder end of the mylo-hyoid ridge. Behind this, and reaching 
down to the angle, is a marked roughness for the internal pterygoid muscle. 

The ramus is surmounted by two projections, the condyle and the coronoid 
process, which are separated by a deep excavation, the sigmoid notch. The condyle 
is continued upwards from the posterior part of the ramus. It is supported by a 
constricted portion, the neck, on the front of which is a depression for the insertion 
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of the external pterygoid muBcle. The condyle ie a transversely elongated, oonvex 
articular procees, the major axis of which is direct«d obliqnely, so that if prolonged 
it voald meet with that of its fellow near the aDterior margin of the foramen 
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mf^nm. The coronoid process is continned upwards, with a slight inclination 
outwards, Irom the fore part of the ramus ; it is beak-shaped, and compressed 
from side to side ; by its sharp margins and somewhat rongheued inner surface 
it gives insertion to the temporal mnsole. 

The anterior border of the ramns is sharp and 
smooth, extending from the coronoid process to the 
posterior end of the external oblique line. To the 
inner side of t!)ts border is a grooved surface, which 
is bounded posteriorly by a ridge continued up from 
the internal oblique line to the mesial aspect of the 
coronoid process, and into which a part of the temporal 
muscle is inserted. At the lower end of the groove, and 
extending a short distance on the outer side of the 
alveolar process, there is sometimes to be seen a slight 
roughness marking the origin of the lonsr part of the 
buccinator muscle. 

The lower jaw consiBta of a very thick shell of dense 
compact bone, enclosing cancelloua tissae with slender tra- 
becolEe. The dental canal lies close to the inner compact 
layer, and nearer t« the lower than the upper border of the 
bodf ; it has a thin wall of compAct tissue, which becomes 
ita extent. From the main passagre email channels peas 
apwarda to the sockets of the hinder teeth ; and beyond the mental foramen a prolongation 
of the canal, with a leas distinct wall, extends forwards, tranHnitting the nerves and vessels 
to the canine and incisor teeth. 
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The angle of the jaw is in the adult usaallj about 120° ; in infancy it is as great as 140° 
or more ; in strongly developed jaws it may be diminished to 110° or less ; and in old and 
toothless jaws it is increased. These changes are connected with a variety of circumstances, 
among which may be noticed, — the development of the temporary and permanent teeth, the 
absorption of the alveolar arch after the loss of the teeth in advanced age, the elongation of 
the face and upper jaw towards adult life, and the varying state of development of the 
masseter muscles at different periods (see also p. 78). 



THX HYOID BONX. 

The hyoid bone, or os Ungum, is situated at the base of the tongue, and may 
be felt between the chin and the thyroid cartilage. It is shaped like the letter u, 
and consists of a body and two pairs of comua. It is suspended from the tips of 
the styloid processes of the temporal bones by a pair of slender bands, the stylo- 
hyoid ligaments, which in most animals form 
distinct bones. 

The lodyy or central piece, is compressed 
from before backwards, and lies in a plane 
directed downwards and forwards. Its anterior 
surface is convex, and marked by a transverse 
ridge, with a slight median projection, on each 
side of which are depressions for muscular 
attachments. Its posterior surface is concave, 
and looks towards the epiglottis. 

Th^ great comua project backwards from the pig. 64. -The hyoid bone, frok above 
sides of the body. They are compressed from and before. (Drawn by d. Gunn.) 
above down, are largest near their junction with 
the body, and terminate behind in slightly expanded and rounded extremities. 

The small comtia, or comicula, short and conical, project upwards and back- 
wards from the places of junction of the body with the great comua, and give 
attachment at their extremities to the stylo-hyoid ligaments. They are commonly 
in part, and not unfrequently entirely, cartilaginous. 

The great comua are connected to the body by synchondrosis, and after middle life usually 
by bony union ; the small comua by a synovial articulation which is seldom anchylosed. 
In some cases a synovial joint is formed also between the great comn and body. 




THE SKUIiIi AS A WHOIiE. 

THS 8T7TT7IUG8. 

With the exception of the lower jaw, which is moveably articulated with the 
temporal bone, the bones of the skull are closely fitted together by more or less 
uneven edges or surfaces, there being generally interposed only a small quantity of 
fibrous tissue, continuous with the periosteum ; and to these lines of articulation 
the name suture is given. At the base of the cranium, however, in young subjects, 
the basilar process of the occipital is connected to the sphenoid, and the jugular 
process to the petrous, by a thin layer of cartilage ; the articulation is therefore 
synchondrosis, and when adult age is reached it becomes converted into bony union. 

The sutures are best named from the bones between which they lie, as, occipito- 
parietal, occipito-mastoid, fronto-ethmoidal, &c. Those around the parietal bones 
are the longest and most regular, and to them special names have been applied ; 
thus, above, between the two parietal bones, is the sagittal or interparietal suture ; 
posteriorly is the deeply serrated lamhdoid or occvpito-parieial suture ; anteriorly is 
the coronal or fronto-parietul suture, most markedly serrated in the middle part of 
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each lateral half, less so above where the frontal bone overlaps the parietal, and (iiiite 
simple at the lower end where the parietal- overlaps the frontal ; inferiorly is the 
iemporO'panetal suture, consisting of two parts, the squamous suture, arched in form, 
in which the squamous part of the temporal overlaps the parietal, and the parieto- 
mastoid, short and serrated ; while at the antero-inferior angle is the short spheno- 
parietal suture, about half an inch in length, absent only in rare cases when the 
frontal nnd temporal bones come into contact. 

The cranial Butures are convenientlj arranged in three groups, a median longitvdinal^ a 
lateral longitudinal and a vertical transverse. The first conHists of the sagittal suture, which 
is continued in the infant, and frequently in the adult, by the frontal suture ; in the lateral 
longitudinal are included, on each side, the fronto-nasal, f ronto-maxillary, fronto-lachrymal, 
fronto-ethmoidal, fronto-malar, fronto-sphenoidal, spheno-parietal, squamous, and x>arieto- 
mastoid sutures ; the third comprises the coronal and spheno-squamous, the lambdoid and 
occipito-mastoid sutures ; and into this group also would fall the transTerse articulations in the 
centre of the base between the ethmoid, sphenoid and occipital. 

After adult life is reached the bones of the skull evince a disposition to unite, and many of 
the sutures thereby become closed ; but the period at which this commences, as also the order 
in which it proceeds, are subject to great yariations, so that the condition of the sutures 
affords very little assistance in determining the precise age of a skull. The process com- 
mences generally about thirty years of age ; the union takes place first on the inner 
surface, and frequently the large sutures are quite obliterated internally while they are 
perfectly distinct on the external surface. The earliest x>oints to close are commonly the 
part of the sagittal suture between the parietal formina, and the lower ends of the coronal 
suture ; th"^ more dentated parts of these sutures and the lambdoid follow later. The 
squamous is very late in closing, and it is noteworthy that when the frontal suture fails to 
unite a.t the usual time it may remain unchanged even to very advanced age. (Dwight, 
^^ The Closure of the Cranial Sutures as a Sign of Age," Boston Med. and Surg. Joum., 
April, 1890.) 

Wormiaji bones. — Ossa triquetra, ossa mtvraruvi. These are irregular ossifications, 
found in many skulls, interposed between the cranial bones ; seldom in the face. They are 
of irregular form, with margins adapted to the character of the sutures in which they are 
situated, and usually of small size ; but they may exceed an inch in diameter. Their most 
frequent seat is in the occipito-parietal suture, where they sometimes occur in great numbers, 
more or less symmetrically arranged : in some cases one or several bones of considerable size 
occupy the place of the superior part of the occipital, more rarely of the antero-superior angles 
of the parietal bones : a scale-like ossification is often seen between the antero-inferior angle 
of the parietal and the great wing of the sphenoid {cpij)tcric honCy Flower). They are much 
less frequent in the other sutures. 



SXTlBBNAIi SUBFAOa 07 THX BKULIi. 

The external surface of the skull may be conveniently divided into superior, 
inferior, anterior, and lateral regions. 

The superior region, extending from the supraorbital margins in front to the 
superior curved lines of the occipital bone behind, and bounded laterally by the 
temporal lines, is smooth and convex, covered only by the integument and by the 
muscular fibres and aponeurosis of the occipito-frontalis muscle. The skull as seen 
from above is of an oval form, broader in the parietal than the frontal region, 
flattened in front, and projecting somewhat in the middle behind. There is also a 
slight projection from the general curve at each of the frontal and parietal 
eminences. 

The anterior region of the skull, below the forehead, presents the openings of 
the orbits, bounded by the frontal, malar, and superior maxillary bones ; and between 
the orbits, the bridge of the nosfe, formed by the nasal bones and ascending processes 
of the superior maxillaries. Below the nasal bones is the anterior fiasal aperture, of 
an inverted heart-shape : its thin margin gives attachment to the nasal .cartilages, 
and projects forwards in the middle line below as the anterior nasal spine. Below 
the nasal aperture are the incisor fosses of the upper jaws ; below the orbits are the 
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canine fossEe ; and external to the canine fossee are the prominences of the cheeks, 
formed by the anterior inferior parts of the' malar bones. The lower jaw completea 
the skeletoQ of the face. The foramina in this region, on each aide, are the BOpra- 
orbital foramen or noUh in the superior margin of the orbit, the infraorbital 
foramen below the inferior mai^in of the orbit, the mental foramen of the lower jaw, 
and the email malar canal of the malar bone. 

Tha Emterior na»al aperture is often markedly miBfmmetrical, one half of theopenintr being 
brooder luid afaorter, while on the other Bide it la narrower and more deeply excavated below. 
This is associated with a corresponding deviation of the cortilaginons part of the nose, which 
points towards the side on which the wider half of the aperture is pLtced. (H. Welcker, " Die 
Asyminetrien der Naee end dee Nasenakeletee," Stattgart, 1683.) 

The orbits are pyramidal fosBie, irregularly quadrilateral, with their bases 
directed forwards and slightly outwards, their inner walla being nearly parallel, and 



1 . frontal eminence; S, glabella, between the 
anperciliary ridges, and aboTe the tranBTaree 
suture of anioa with the nasat and Buperioc 
maxiltaiT bonea ; 3, orbital arch near the 
anpraorbital nolib ; i, orbital Biirfaco of 
great wing of splienoid, between the sphe- 
noidol and the spheno-raailllarj fissures ; 
5, anleiior nasal aperture, within which are^ 
seen in shadow the lomer and the turbinate 
bones ; 6. superior muxiltarj bone at the 
canine fossa — above the figure is the infra- 
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12, temporal fossa ; 13, zjgoma ; 14, i 
process ; 15. angle of the jaw ; 18, mental 
protuberance. In this skull there are fourteen 
teeth in each jaw, the wisdom teeth not having 
jet appeared, 

their outer walls diverging so as to 

be nearly at right angles to each 

other. The roof of each orbit is 

formed by the orbital plate of the 

frontal and the small wing of the 

sphenoid ; the floor (fig. 66) by the 

malar and superior maxillary bones, 

and by the small orbital surface of 

the palate bone at the back part ; 

the inner wall (fig. 69) by the nasal 

process of the superior maxilla,' the lachrymal, the ethmoid and body of the 

sphenoid ; and the outer wall by the orbital surfaces of the malar bone and great 

wing of the sphenoid. The splienoidal Jfssitre (foramen lacerum orbitale) at 

its inner extremity occupies the apex of the orbit, while its outer and narrower 

part lies between the roof and the external wall. The optic foramen is internal 

and superior to the sphenoidal fissure. In the angle between the external wall 

and the floor is the spheno-maxiUary fissure, bounded by the sphenoid, palate, 

superior maxillary, and malar bones, and leading into the epheno-maxillary fossa at 

its back part, into the zygomatic fossa at its fore part. Passing forwards from the 

mai^ of the spheno-maxillary fissure is the commencement of the infraorbital 

canal, grooving the posterior jmrt of the floor of the orbtt. On the inner wall in 
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front ia the lachrymal groove, formed by the soperior maxillary and lachrymal bones, 
and leading into the nasal dnct ; farther back, between the ethmoid sod froDtal 
bones, are the anlericrr and posterior inlernal orbital canals ; on the roof, at its 
anterior margin, is the supraorbital foramen or notch ; within the external angular 
process is the foasa for the lachrymai gland ; and in the outer wail are the temporal 
and malar canals of the malar bone and one or two other minute foramina. 

The Iftttral r^ioit of the skull presents in snccession from behind forwards 
the mastoid process, the external auditory meatus, the glenoid fossa, with the condyle 




The right half of tha lower portion U repraeentad. 

of the lower jaw, the zygomatic arch, formed by the zygomatic process of the temporal 
bone and the posterior part of the malar, and internal to thia the coronoid process of 
the lower jaw. Above the zygomatic arch is the temporal fossa, below is the zygo: 
matic fossa, the two being separated by the infratemporal crest on the ereat wine of 
the sphenoid (fig. 68). 

The temporal fownt, is occupied by the temporal muscle, and the squamous 
part of the temporal, the parietal, frontal, sphenoid and malar bones take part in its 
formation. It is bounded above by the temporal crest of the frontal bone and the 
lower temparal line of the parietal. The latter turns down posteriorly to join the 
snpramastoid crest of the temporal bone, which in front is continued into the upper 
edge of the zygomatic arch. Along this Une of bone is attached the temporal fascia, 
which in the complete state roofs in the temporal fossa. 

The iTffoautic or inftatomponl foiia (fig. 68) is an irregular hoUow, in part 
covered by the ramus of the lower jaw. Its wall is formed internally by the fljtemal 
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pterygoid plate ; superiorly by the lower part of the great wing of the sphenoid, in which 
are seen the foramen ovale and foramen spinosum, and by a small part of the squamous 
of the temporal ; and anteriorly by the zygomatic surface of the superior maxilla, 
presenting the orifices of the posterior dental canals, together with the lower part of 
the malar bone, Inferiorly, the external pterygoid piate approaches closely the 
superior maxillary bone, but the two are usually prevented from meeting by a thin 
portion of the pyramidal process of the palate ijione ; superiorly, they are separated 
by the pierygo-numllary fissure, a vertical slit leading above into the spheno- 




Fig. 67.— LiTisAL 
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1, frontBl. bone ; 2, parietal bone at the upper temporal line ; x x, citronal suture ; 3, on the 
occipital bone at the lower cod of the Ismbdoid suture, oear its meeting with the orcipito-iaastoid and 
parieto-maatoid aaturea ; 3', external occipital protuberance ; 4, great wing of sphenoid ; 5, sqaamous 
part of temporal ; 6, the eame at tEie root of the i^goma, immediately over the external auditory 
meatag ; ?, mastoid portion of temporal, at the front of which is the mastoid procesa ; 8, left condyle oiC 
occipital bone ; 9, anterior oagal aperture ; 10, on the lacLrymal fione in the inner »all of the oibit ; 
11, malar bone, near ite junction with the zygoma ; 12, luperior maullar? bone behind the canine 
foaaa ; 13, ramus of tbe lower jaw ; 14, body of the lower jaw, near the mental foramen. 

maxillary fossa, and closed internally by the -vertical plate of the palate hone. At 
the upper part of the zygomatic fossa the horizontal spheno-maxillary fissure leads 
into the orbit. 

The ■phano-maxUlary foisa is the space which lies in the angle between the 
pterygo-maxillary and the spheno-maxillary fissares. It is bounded behind by the 
pterygoid process and the lower part of the anterior surface of the great wing of the 
i|)henoid bone ; in front by the superior maxiUaiy bone ; and internally by the 
vertical plate of the palate bone with its orbital and sphenoidal processes. Into this 
narrow space five foramina open, viz., on the posterior wall, the foramen rotundnm, 
the Vidian canal, and, between the sphenoidal process oi the palate bone and the root 
of the internal pterygoid plate, the pterygo-palatine canal ; on the inner wall, the 
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spheno-palatine foramen formed by the palate bone and the sphenoid, and opening 
into the nasal cavity ; and inferiorly, the posterior palatine or palato-masUlaij 
canal, which leads down to the roof of the moath between the palate and saperior 
masillary bones. 

The axtflmal haw of the ■hall, excluding the lower jaw, is divisible into 
three parts, anterior, middle, and posterior. 

The anterior divisioii consists of the palate and the alveolar arch. It is 
traversed longitudinally by a median suture, and transvereely by that between the 
maxillary and palate bones. Anteriorly, in the middle line, is the anterior palatine 



Pig. 70.- 
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1, palate plate o£ the superior maTil- 
]ary bone ; 2, palate plate of tbe palate 
bona ; 3, anterior palatine fossa ; 4, is 
placed outside the posterior palatine cinal, 
inside tbe tulieroaity of tbe superior 
maiilla, tmd in front of the smaller poste- 
rior palatine canals ; 5, inner surface of 
the eitemal pterygoid plate ; 6, in placed 
within the posterior opening of the right 
naaal foiu on tbe internal pterygoid plate; 
7, Tomer ; x , posterior opening of the 
pterygo- palatine canal in front of tbe 
foramen locerum ; 8, spbeno-nuixillory 
fiaaare leading inlD the orhit ; 9, foramen 
tfpinoanm ; 10, foramen oialo ; 11, placed 
on tbe apex of the petrous bone, between 
the forainen lacerum and tlie inferior 
opening of tbe carotid canal ; 12,JQgular 
foramen ; 13, articular eminence of the 
temporal bone; 11, eitemal auditor; 
meatus ; 15, glenoid fossa in front of the 
Gunre of Olaser ; 16, tympanic plate or 
posterior part of tbe gleooid fossa, close 
to the styloid process, behind whieh is 
seen the sty lo- mastoid foismen ; 17, mas- 
toid process, and to its inside tbe digas- 
tric and occipital grooTen ; 18, basilar 
procen of the occipital bone, and in front 
tbe mark of tbe still incomplete union with 
tbe. body of tbe sphenoid bone ; 19, con- 
ttjie oI~tbe eocipital bone ; 20, is placed 
iu tbe foramen magnum, and points to 
the inner opening of tbe anterior con- 
dylar foramen; 21, posterior condylar 

foramen ; 22. jugular process of the occipital bone ; 23, eitemal occipitttl crest running down from the 
protuberaaee ; 21, superior curved line of tbe occipil^I bone ; 25, 26, inferior enrred line. 



fossa, with the four foramina opening into it (p. 52) ; poateriotty, on each side, 
at the baso of the alveolar arch, is the opening of the posterior palatine canal, 
from which the palatine groove, lodging the large palatine nerve and vessels, 
runs forwards ; and farther back, on the under aspect of the tuberosity of the palate 
bone, are the apertures of the posterior and extemid small palatine canals. Tbe palate 
is surrounded in Aront and on the sides by the alveolar arch bearing the teeth of tbe 
upper jaw. 

The middle divisioii extends back to the front of the foramen magnum. Its 
central portion has been called the guttural fossa. In the middle line is the basilar 
process of the occipitel bone, and in front of that the body of the sphenoid, covered 
anteriorly by the ale of the vomer. - On each side, the petrouB portion of \he 
temporal bone reaches as &r forwards as the extremity of the basilar procc&s ; and 
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between the petrous and squamoas portions is the back part of the great wing of the 
sphenoid bone. Between this division of the base of the skoll and the palate are 
the posterior nares, separated by the vomer, and bounded above by the body of the 
sphenoid bone, below by the horizontal plates of the palate bones, and laterally by 
the internal pterygoid plates. On each side of the posterior nares is the pterygoid 
fossa, completed below by the tuberosity of the palate bone ; and a line from the 
external pterygoid plate to the spine of the sphenoid forms the division between this 
region and the zygomatic fossa. Immediately behind or internal to this line is the 
groove for the cartilaginous part of the Eustachian tube, formed by the margins of 
the great wing of the sphenoid and the petrous, and leading to the osseous part of the 
tube in the temporal bone. Between the apex of the petrous, the basilar process, 
and the sphenoid is the foramen lacerum ; in a line proceeding backwards and out- 
wards from this are the free surface of the petrous, the lower orifice of the carotid 
canal, the vaginal and styloid processes, and the stylo-mastoid foramen ; while 
internal to these are the jagular and anterior condylar foramina. 

Between the basilar process of the occipital bone and the petax>i2s portion of the temporal 
is an irregular cleft, extending from the foramen lacemm backwards and outwards to the 
jngnlar foramen, and oaUed the petro-basilar fisjture. This interval, together with the lower 
part of the foramen lacemm, is filled in the recent state by fibroos tissue which often 
contains one or two small Wormian ossicles. In front of the petrous portion, at the bottom 
of the gicove of the Eustachian tube, is the petro-sphenoidal fissure j also continued outwards 
from the foramen lacerum. 

The posterior divicrion presents on each side of the foramen magnum, from 
within outwards, the occipital condyle, the under surface of the jugular process, the 
occipital groove of the temporal bone, the digastric fossa, and the mastoid process. 
Behind the foramen magnum is the tabular part of the occipital bone, with its ridges 
and muscular impressions. 

THX INTSRIOR OF THX CRiOaUM. 

The wall of the cranium consists of two layera of compact bony substance, the 
outer and inner tables, and an intervening cancellated substance, called dijploe. The 
inner or mtreotM table has a smooth, close-grained, shining appearance, is hard and 
brittle, and presents irregular digitate impressions corresponding to the convolutions 
of the cerebrum. The thickness of the skull-cap or calvaria is fairly uniform, and 
generally ranges from one-sixth to one-fourth of an inch : it is somewhat increased 
along the middle line, especially in front and behind, and diminishes below on each 
side, in the temporal fossa. The base of the skull varies greatly in this respect: 
the thickest pares are the basilar process, the petrous and mastoid portions of the 
temporal bones, and the occipital bone at the protuberances and ridges. The 
thinnest portions of the cranial wall are the cribriform plate of the ethmoid and the 
orbital plates of the frontal bone, in both of which the diploe is absent ; the bone is 
also thin and compact in the middle part of the inferior occipital fossae, and in the 
lower part of the squama and the glenoid fossa of the temporaL 

The upper part of the cranial cavity is enclosed by a single vaulted dome, formed 
by the frontal, parietal, and occipital bone& This is marked on its internal surface 
by the groove for the superior longitudinal sinus, by shallow cerebral impressions, by 
small ramified meningeal grooves, and by Pacchionian fossae of varying depth. The 
only apertures in the roof of the skull are the inconstant parietal foramina, which 
open by the side of the longitudinal sulcus posteriorly.; they give passage to emissary 
veins, and occasionally a branch of the occipital artery. 

The internal base of the skull is divided into three fossae, named anterior, 
middle, and posterior. 
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The Mitarfor fbMa, formed by the orbital plates of the froatal bone, the 
cribriform plate of the ethmoid, and the small wings and part of the body of the 
sphenoid, supports the frontal lobes of the cerebrum. It is convex laterally above 
the orbits, but sinks into a hollow over the cribriform plate of the ethmoid, in the 
middle line of which the crista galli stands up, separating the deep olfactory grooves 
for the reception of the olfactory bulbs. In front of the crista galli is the foramen 




Kg. 73.— SiaiTTAt 
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1, naml bone ; 2, perpeDclicubir pUte of the ethmoid vilb olEactorj foramins and groovcB at ita 
npper part ; 3. vomer; 4, right superior roaiillarj bnne, formiog part of tlie wall of the right naHal 
loBsa ; below this is Uie anterior extremit; of the right inferior turbinate bone overhanging x , which 
is the right inferior meatus of the nose ; 5, crista galli ; 6. inner surface of the frontal bane ; 7, of the 
parietal bone ; 8. squamous part of the temporal ; 9, on the occipital bone below the intenial occipital 
protuberance ; 10, eilern^ occipital protuberance ; 11, on the condjlar proueas below the anterior ooL' 
•Ijlar foramen ; 12, on the posterior surfate of the petrous below the internal auditory meatus ; between • 
nand 12, the groove of the right lateral sinus; 13, placed above the eella turcica; 14, left frontal 
sinus ; 15; left iphenaidal eiaaa, the figure being placed on the sphenoidal septum ; 16, hard palate 
:ind alveolar arch — the iiguro is placed near the lower opening of the posterior palatine canal, and the 
grooves which extend forwards from it ; 17, anterior nasal spine ; 18, section of the left superior 
, maiillarr bone, and near the place to which the line points, the section of the anterior palatioG fossa : 
19, on tfae inner surface of the ramus of the lower jaw, below the sigmoid notch, and above the inferior 
dental foramen ; 20, inner surface of the body of the jaw on the roylo-hynid ridge ; 21, surface of section 
of the lower jaw to the left of the sympbysis ; behind the symphysis, and between 21 and 22, the menial 
spinel ; 23, mylohyoid groove. 

Cfecum ; on each side are the numerous apertures of the cribriform plate, the inner 
openings of the internal orbital canals, and the foramen by which the nasal nerve 
passes into the nose. 

The foramen ccectim sometimes conveys n vein passing' from the nose to the superior longi- 
tadinal sinus. The apertnreS of the eribriform plate are occupied by the olfactory nerve 
filaments. Through tlie anterior internal orbital canal the nasal nerve and the anterior 
ethmoidal artery ent«r the skull, and through the posterior, which is leas constant, the 
poetsrioi eUunoidal artery. Tba foramen for the exit of the na3:il nerve is at the front 
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ofthecribrifonnplote.usnalljbetween that and the frontal bone, and is connected by a ETOOve 
with the inner opening of the anterior internal orbital canal : the nerve is accompanied by the 
naaal diriston of the anterior ethmoidEtl artery. 

The middle fossa, on a lower level than the anterior, coDsists of a median and 
two lateral parts. The median part ia small, being formed by the olivary eminence 
and sella turcica of the sphenoid bone, and limited behind by the dorsum sellie. The 
lateral part on each side, formed hy the great wing of the sphenoid, the squamons 
part, and the anterior surface of the petrous part of the temporal, lodges the temporal 
lobe of the cerebrum. The foramina of the middle fossa are the optic foramen, 
sphenoidal fissure, foramen rotnndum, foramen ovale, foramen spinosum, foramen 
lacerum and hiatus Fallopii. 







Pig. 72.— Ihtebmal BisB or ihs 
SKULL. (All«n Thomson.) i 

1, anterior fossa and roof of tbe 
orbit, as formed b; the frontal bone ; 
between 2 and 3, tbe fonuiieii oecoai, 
crista galli and cribrifonn plate of 
ethmoid ; 3, ethmoidal spine of tbe 
sphenoid ; 4, lesser wing of sphenoid 
terminating poeteriorlj in the anterior 
clna'd p ooess iis' 1e th' h ii tbe 
opt c foramen 5 p a..ed ntheptoi 
ta J fossa, beh nd the ol arj emin 
ence and trans erse groo e of the 
o^tc mmiss re 6 doisum sells, 
term natmg □ the posteno cl do I 
proce ses foramen rotundum n 
front uf nh ch ut not seen n tlie 
figure s the spheno dat fissure 3 
foramen ovale 9 foramen sp nosnm 

1 on the petrous boue near Is apei 
and to the as de of the hoi ow IKCU 
p cd b; the Qassenaa gang on in 
front of tb s u the foramen lacervm 

11 n f out of the em nence of the 
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T of he petrous marked bj the 
superior petrosa groo e 13 the 
posterior surfsee of the petrous— to 
tbe ns de the nterna aud tory 
meatus, beh nd t e scale of bone 
eovenag the aqueduct of the vestibule ; 
14, basilar groove ; IS, anterior con- 
dylar foramen ; 16, jugular foismen ; 17, groove of the lateral sinus ; 18, internal occipital protube- 
rance, and running dorn from it the internal occipital crest ; between 17 and IS, tbe upper part of tbe 
gi'oove of the lateral sinus, between 17 and IS, the tower part ; 19, cerebellar fossa. 

Through tha optic foramen the optic nerre and the ophthalmic artery enter the orbit. The . 
uphenoidal Gsaure (foramen lacerum auterins) also opens into the orbit ; it gives passage to 
the third, fonrtb, ophthalmio diviaioii of tbe fifth, and the sixth nerves, and the ophthaJmio 
veins. By the forainen rotnndum the superior maxillary nerve paesea Into the apheno-max- 
illaiy fossa. The foramen ovale and foramen spinosum lead into the zygomatic fossa : the 



ingeal artery, and two or three 

3 between the apex of the petrous 

ecent state is closed below by a maaa 
wall, the Vidian canal anteriorly. 



former transmits the inferior maxillary nerve, the s: 
emissary veins ; tbe Utter, the lorgre meningeal vessels. 

The fornmea laeemm (medium) is an irregnlar apertur 
and the body and great wing of the sphenoid, aqd in the i 
of flbrons tissoe ; tbe carotid canal opens on its external v 

Tha lingnla projecting backwards froin the body of the sphenoid effects a partial, s 
a complete snbdivision of the space ; by tbe inner part the carotid urtery enters the cranial 
cavity ; and through the external, the large superficial petrosal nerve, coming from tbe hiatna 
Fallopii, rencfaea the posterior oriGce of the Vidian canal 

The postsrioT fossa, deeper and larger than the others, extends back to 
the occipital protuberance, and lodges the cerebellum, medulla oblongata and pons. 
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The occipital bone, the petrous and mastoid portions of the temporal, the postero- 
inferior angle of the parietal, and the body of the sphenoid take part in its formation. 
In the centre of the fossa is the foramen magnum ; and on each side of this, in 
a nearly vertical line from below upwards, are the anterior condylar foramen piercing 
the condylar portion of the occipital bone, the jugular foramen between the occipital 
and petrous, and the internal auditory meatus on the posterior sur&ce of the petrous. 
Behind the jugular foramen is the posterior condylar foramen (if present), and higher 
up the more constant mastoid foramen, both opening into the groove of the lateral 
sinus. 

The foramen magnmn is occupied in the recent state by the lower end of the medulla 
oblongata with its membranes, the vertebral arteries, and the spinal accessory nerves. The 
anterior condylar foramen transmits the hypoglossal nerve and a meningeal branch of the 
ascending pharyngeal artery. By the internal auditory meatus the facial and auditory nerves, 
with the portio intermedia and the auditory ve8se]s, leave the cranial cavity. The posterior 
condylar and mastoid foramina transmit emissary veins, the latter also the mastoid branch of 
the occipital artery. 

The jvgular foramen (foramen lacerum posterins) is formed by the jug^ular notches of the 
petrous and occipital bones : somewhat pyriform in shape, two more or less marked constric- 
tions indicate a division into three compartments ; most externally and posteriorly is a large 
rounded part in which the lateral sinus joins the internal jugular vein ; the middle part, cor- 
responding to a distinct notch in the lower border of the petrous, transmits the glosso- 
pharyngeal, vagus, and spinal accessory nerves ; and the most anterior and internal, sometimes 
completelv separated by a spiculum of bone (the intrajugular process ; p. 34), gives passage to 
the inferior petrosal sinus. A meningeal branch of the ascending pharyngeal or occipital 
artery also enters the skull by the posterior compartment. 

Grooves for blood-vessels. — The groove of the middle meningeal artery 
conmiences at the foramen spinosum, and ramifies principally on the squamous 
portion of the temporal bone and on the parietal. The groove of the internal 
carotid artery lies on the side of the body of the sphenoid, and extends from 
the foramen lacerum to the inner side of the anterior clinoid process. The groove of 
the superior longitudinal sinus, commencing at the frontal crest, passes backwards in 
the middle line of the roof of the skull, and teiminates at the internal occipital 
protuberance. From that point the groove of the lateral sinus passes outwards on 
each side over the occipital bone, crosses the posterior inferior angle of the parietal 
bone, descends on the mastoid portion of the temporal bone, runs inwards again on 
the occipital, and turns forwards to terminate at the jugular foramen. The groove 
of the inferior petrosal sinus lies between the petrous portion of the temporal bone 
and the basilar process ; that of the superior petrosal sinus extends along the superior 
edge of the petrous portion. 

THID NASAIi OAVTEIBB AIID OOlCMUinOATINa AUt-BINUSXa 

The nasal cavities, or fossn, are placed one on each side of a median vertical 
septum. They open in front by the anterior nasal aperture and behind by the 
posterior nares already described, and communicate with the sinuses of the frontal, 
ethmoid, sphenoid, and superior maxillary bones. Their vertical extent, as well as 
that from before backwards, is considerable, but their transverse width is very 
limited, especially in the upper part. 

The internal wall, or septum nasi, is formed by the central plate of the ethmoid, 
the vomer, the nasal spine of the frontal, the rostrum of the sphenoid, and the crests 
of the nasal, maxillary, and palate bones. It presents a great angular deficiency in 
front, which in the recent state is filled up by the septal cartilage. In most cases it 
deviates somewhat from the middle line to one side or the other. 

The roof is horizontal in its middle part, but sloped downwards before and 
behind. The middle part is formed by the cribriform plate of the ethmoid, the fore 
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part hj the frontal and nasal bones, and the back part bj the body of the sphenoid, 
the ala of the vomer and the sphenoidal process of the palate bone. In it are the 
apertures of the cribriform plate and the orifice of the sphenoidal ainus. 

The Jioor, formed by the palate plates of the maxillary and palate hones, is smooth, 
and concave from side to side. Towards its anterior extremity is the orifice of the 
incisor foramen. 

The external wall is the most extensive. The bones which take part. in ite 
foi-mation are the nasal, snperior maxillary, lachrymal, ethmoid, inferior spongy, and 
palate bones, and the internal pterygoid plate. The superior and inferior turbinate 
processes of the ethmoid bone, and the inferior spongy bone, projecting inwards, 
overhang the three hollows called meaiuses. The superior meatus, very short, 
is placed between the saperior and inferior turbinate parts of the ethmoid ; into it 




Fig, 73.— SiairriLaBCTioK or a PARiorm 

EEDLL, SBOWINO THE OnTBB TILL OT TBI Un 

KUAL FOSSA, kc. {Allen Thomsan.) ^ 

1 naml bone ; 2, naral process of tho Eap«- 
[lor mAiillai7 bone ; 3, tertical plate of Ihe 
palate bono ; 4, superior turbindte bone — below 
It the superior meatnR, behind it the spheno- 
ethmoidal recess and'the opening into tiie left 
sphenoidal sinus ; G, middle turliinale bone — 
lieioir It the middle meatus, into which opepa 
the maxillary sinus ; superior]; and aateriorlf, 
IB the opening of the infundibulum ; behind it, 
and aboTe 3, the apheno-patatine foramen : 
6 infenor turbinate bone— below it the inferior 
meatus x x ; below these marks the sec^on 
of the palate plalfls of the left palate and mpe- 
nor maxillaiy banes; 7, left frontal siniu ; 8, 
left sphenoid^ sintu ; 9, left optic fonmea in 
the root of the lesaer wing of the sphenoid, and 
anterior clinoid process ; 10, dorsom sellie di- 
vided ; tad between 9 and 10 the sella turcica 11 pcetenor surface of the petions, close to the 
intemat auditoi? meatus IS basilar prooesa of the occipital bone, close to tiie jugular foramen ; 
13, on the occipilal condyle below the anterior condylar foramen ; 14, styloid proceos ; 15, eiUinal, 
and 10, internal pterygoiil plates 17 postenor palatme canal 

Open anteriorly the posterior ethmoidal cells, and posteriorly the spheno-palatine 
foramen. The middle meatus, the space between the inferior turbinate part of the 
ethmoid and the inferior spongy bone, communicates with the anterior and middle 
ethmoidal cells, with the maxillary sinus, and at its fore part, by means of the 
infundibulum, with the frontal sinus. The inferior meatus, longer than the others, Ues 
between the inferior spongy bone and the floor of the nasal cavity, and in its fore 
part is the orifice of the nasal dnct. Above the superior meatus, in an angle 
of the roof formed by the cribriform plate and the front of the body of the sphenoid 
(fig. 73, behind 4), is a depression called the spheno-ethmoidal recess (G. H, Meyer), 
formed by the narrowing of the lateral mass of the ethmoid (Sg, 66) ; on the 
posterior wall of the recess is the opening of the sphenoidal sinus. 

The aii-flmnses are hollows within the ethmoid, frontal, sphenoid, and maxillaiy 
hones, which communicate with the nasal cavities by narrow orifices. With 
the exception of the maxilkry sinus these cavities are absent in the infantile skull. 
The maxillary sinus begins to be formed about the fourth month of fOBtal life ; the 
frontal, ethmoidal and sphenoidal first excavate the respective bones during child- 
hood, but remain of small size up to the time of puberty, nhen they undergo a great 
enlargement. In advanced life they all increase in size by absorption of the 
cancellated tissue in their vicinity. The ethmoidal sinuses consist of several inegulsr 
spaces occupying the lateral mass of the ethmoid, and completed by the frontal, 
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sphenoid, lachrymal, superior maxillary and palate bones. The anterior and middle, 
the larger and more nnmerons, open into the middle, the posterior into the superior 
meatus. The frontal sinuses are placed between the outer and inner tables of 
the frontal bone over the root of the nose. They extend outwards from behind the 
glabella to a variable distance over the orbit, being separated from each other by a 
thin bony septum. They open on each side into the middle meatus of the nose 
through the infundibulum. The sphenoidal sinuses occupy the body of the sphenoid, 
being formed in connection with the sphenoidal spongy bones. They are separated 
by a median septum, and open into the spheno-ethmoidal recess. The maxillary 
sinus has been described in connection with the superior maxillary bone ; it opens by 
a small aperture into the middle meatus. 

The air-Bpaces of the temporal bone (tympanum and mastoid cells) are described in connec- 
tion with the Aoatomj of the Ear in Vol. III. 



0SSI7I0ATZ0N OF THX BONSB OF THX HXAD. 

The ossification of the bones of the base of the cranium takes place for the most part in car- 
tilage, and in each case proceeds from several centres which represent distinct bones in lower 
vertebrate forms ; the bones of the roof are simpler in their development, and originate in 

B 



Fig. 74. — OgSIFICATION OF THE OCCIPITAL 

BOKX. (R. Qoain.) 



A 




f—t 




A, in a foetas of 10 weeks (from Meckel) ; 
a, tabular part ; 1 & 2, lower and upper pairs 
of centres ; h^ lower part or basilar and con- 
dylar portions : ossific centres are seen in the 
condylar portions. 

B, occipital bone at birth ; a, tabular 
part, in which the four centres have become 
united into one, leaving fissures between 
them ; h, b, condylar portions ; c, basilar 
portion. 



membrane ; those of the face are also deposited in membrane, with the exception of the 
inferior turbinate bone and a small part of the lower jaw. In the expanded tabular bones the 
ossification spreads outwards from the centres, and the marginal portions, in the earlier stages, 
present more or less the form of radiated fibres or spicula. At birth the sntural edges, and 
especiallj the angles, are incomplete, the bones being united and the interspaces fiUed up bj 
fibrous tissue. The diploe and air-sinuses are at first absent, some of the latter arising early in 
life, and others being formed at a comparatively late but variable period. 

The occipital bone at birth consists of four separate pieces — a basUar, a tabular, and two 
condylar parts, united by intervening cartilage. The lines of junction of the basilar and 
condylar parts pass through the condyles near their anterior extremitiee ; those of the condylar 
and tabular parts extend outwards from the posterior margin of the foramen magnum. The 
basilar (Jba*iocclpital) and condylar parts (jcxoccipitaUi) arise each from one osseous nucleus, 
which appears from the eighth to the tenth week.^ In the tabular part there appear, a few 
days earlier, usually four nuclei, an upper and a lower pair ; these speedUy unite, but leave 
fissures running in fiom the upper and lateral angles, which remain for some time after 
birth. The upper pair of these differ from the other centres of this bone in being deposited in 
membrane, and while the lower portion of the tabular part is the proper supraMcipital element, 
the upper represents the interparietal bone of many animals ; it occcisionally happens that this 
remains distinct in the human skull, the upper part of the occipital squama being separated 
from the rest by a suture running transversely from one lateral angle to the other, and by no 
means unfrequently a partial division exists, by persistence of the lateral fissures, which may 



^ In the descriptions of the mode of ossification of the bones, weeks and months refer always to 
periods of f cetal life. 
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even simulate fracture. The osseous union of the supra- and exoccipitals, beginning in the 
second or third, is completed in the fourth year ; that of the basi- and exoccipitals, beginning 
in the third or fourth, is completed in the fifth or sixth year. The basioccipital is united to 
the basisphenoid by intervening cartilage up to about the twentieth year, after which oesific 
union begins and is completed in one or two years. 

The parietal bone begins to ossify in membrane in the seventh week. According to Toldt ^ 
it has two nuclei, an upper and a lower, which speedily fuse into a single mass occupying the 
position of the future parietal eminence. The radiating ossification extends in such a way as 
to leave a notch or cleft at the upper part of the bone a little distance from the posterior 
angle, giving rise to the sagittal fantanelle — a spcuse between the two bones, which gradually 
becomes closed in during the latter half of foetal life. Traces of the f ontanelle are often to be 
recognized at the time of birth ; and the parietal foramina are remains of the interval.' L[i rare 
GQA&& 9k tT2j:isY&:9e parietal jUiure persists. The parietal eminence is very conspicuous in the 
young bone, and gives a marked character to the form of the skull for a number of years in 
early life. 

The frontal bone is ossified from two nuclei which appear, one on each side above the orbital 
arch, about the seventh week. At birth the bone consists of two separate lateral portions, 
which meet in a vertical median suture during the first year. This frontal suture usually 








Fig. 75. — Frontal bone op a f(Etus shortly 
BEFORE BIRTH. (R. Quain.) 

a k b indicate the two portions of the bone, 
in each of which the radiation of bony spicola 
from the frontal eminence is seen. 



Fig. 76. — ^Skull of a child at birth, froii 
ABOVE. (Leishman.) ^ 

a, anterior fontanelle ; p, posterior fon- 
tanelle ; 6, b, parietal eminences ; for the lateral 
fontanelles, see fig. 83, p. S2. 



becomes obliterated by osseous union taking place from below upwards, during the second 
year, though not imfrequently it persists throughout life (p. 39). The frontal sinuses appear 
about the seventh year, and continue to increase in size up to old afre. 

Pontanelles. — These are membranous intervals between the incomplete angles of the 
parietal and neighbouring bones, in some of which movements of the soft wall of the cranium 
may be observed in connection with variations in the state of the circulation and respiration. 
They are six in number, two median, anterior and posterior, and four lateral. The atUerwr 
fontanelle, situated between the antero-superior angles of the parietal bones and the superior 
angles of the ununited halves of the frontal bone, is quadrangular in form, and remains open 
for some time after birth. The posterior fontanelle, situated between tiie postero-superior 
angles of the parietal bones and the superior angle of the occipital bone, is triangular in shape. 
It is filled up before birth, but the edges of the bones, being united by membrane only, are 
still freely moveable upon each other. The lateral fontanelles, small and of irregular form, 
are situated at the inferior angles of the parietal bones. The fontanelles are gradually filled 
up by the extension of ossification into the membrane which occupies them, thus completing 
the angles of the bones and forming the sutures. The closure, especially of the posterior and 
lateral, is often assisted by the development of Wormian bones in these situations. All traces 
of these unossified spaces disappear before the age of four years. The sagittal foutanelle, 
existing before birth, has been noticed above. 

The temporal bone in the later stages of foetal life consists of three principal pieces, the 
squamo-zygomatic, petro-mastoid or periotic, and tympanic. The squamo'zygoniatic is ossified 
in membrane from a single nucleus, which appears in the lower part of the squamosal about 
the seventh or eighth week, and extends upwards into the squamosal, and outwards into the 
zygoma. From the hinder part of the squamosal a considerable postauditory process grows 
downwards below the supramastoid crest, separating the tympanic from the periotic, and 

» "Lotos, Jahrbuch f. Naturw.," 1882. 

' Broca, Bull. Soc. Anthrop. de Paris, 1875 ; Augier, " Bech. sur le developpement des parietaux 
k la region sagittaJe/' Th^« Paris, 1875. 
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forming the npper and fore part of the mastoid division of the bone. Beneath this is an air- 
space continued backwards from the tympanum, and called the antrum mastoideum^ from 
which the mastoid cells subsequently grow out. During the third month an osseous nucleus 
appears in the lower part of the external membranous wall of the tympanum, and extends 
upwards forming the tympanic ring^ an imperfect circle, open above, which encloses the 
tympanic membrane. Before birth the extremities of this ring become united with the 
squamo-zygomatic. 

Petro-mastoid or periotic. It is only in the latter half of the fifth month that osseous 
deposits begin to be formed in the cartilaginous ear-cai)sule. They extend rapidly, and the 
different ossifications are united by the end of the sixth month. The first to appear is a 
nucleus on the promontory (ppistJiotic)^ which spreads round the fenestra rotunda, and forms 
the portion of the petrous below the internal auditory meatus and fenestra ovalis. The second 
iprootie) arises over the superior semicircular canal, and forms most of the petrous seen in the 
interior of the skull, as well as the upper and inner part of the mastoid : it furnishes the upper 
boundaries of the internal auditory meatus and fenestra ovalis. A little later, a third nucleus 

Fig. 77. — Separate parts of the temporal bone of a fstus 

SHORTLY BEFORE BIRTH. (R. Quain.) 

a, squamo-zygomatic ; J, tympanic ; c, mastoid part of periotic ; 
d^ inner wall of tjmpanum ; e^ mastoid antrum. 

{epiotic), which is occasionally double, is developed in con- 
nection with the posterior semicircular canal, and extends 
into the lower part of the mastoid. According to Sutton 
the tegmen tympani and covering of the external semi- 
circular canal are formed by a separate ossification (pterotic)y 
appearing about the same time as the prootic. Yrolik also 
described a special nucleus for the roof of the cochlea, and 
another in connection with the common cruis of the superior 
and posterior semicircular canals. (Huxley, "Lectures on 

Ck)mparative Anatomy/' 1864 ; Yrolik, Niederl. Arch. f. Zoologie, i, 291 ; Sutton, Joum. 
Anat., xvii, 498.) 

At birth the petro-mastoid is separated from the squamosal by a thin plate of intervening 
cartilage, bony union taking place during the first year ; the mastoid portion also is flat, the 
glenoid fossa shallow, the articular eminence scarcely to be seen, and the tympanic ring and 
membrane are even with the outer surface of the bone. The anterior and inferior walls of 
the external auditory meatus consist at first of fibrous tissue, in which the tympanic plate is 
formed after birth. ^ The latter is developed from the outer margin of the slender tympanic 
ring, commencing in the form of two small tubercles at the fore and hinder parts respectively ; 
these increase in size and meet in the floor of the meatus, enclosing a foramen which is 
gradually closed. The foramen is completed as a rule in the second year, and is seldom 
obliterated before five years of age. The part of the wall of the meatus which was occupied 
by the foramen is commonly thin, and sometimes a small aperture persists through life. 
On the posterior surface of the petrous at birth is a considerable depression which extends into 
the arch of the superior semicircular canal, and represents the floccular fossa of the lower 
animals ; in the adult bone a vestige of this is always present as a small fissure above and 
outside the internal auditory meatus, between that and the aqueduct of the vestibule. The 
mastoid process is developed about the second year, but the air-cells are not formed till near 
puberty. 

The styloid process is formed by two small ossifications in cartilage — ^the tympanohyal 
at the base, commencing before birth and speedily joining the bone, and the stylohyal 
commencing usually after birth, but remaining very small until the period of puberty ; this 
only joins after adult age is reached, and often remains permanently separate. (Flower, Brit. 
Ass. Bep., 1870.) 

The sphenoid bone is divided in the foetus into a posterior or pottsphenoid part, to which 
the sella turcica and great wings belong, and an anterior or pretphenaid part, including the 
body in front of the olivary eminence and the small wings, — a division which is found in 
many animals persistent through life. The first osseous nuclei of the postsphenoid division 
appear about the eighth week in the great wings (alisphenaids), between the foramen 
rotundum and foramen ovale, and spread thence outwards into the wing and downwards into 
the external pterygoid plate. About the same time also two granules appear in the post- 
sphenoid part of the body (basisphenoid), placed side by side in the sella turcica ; these unite 

1 See J. Symington, Journ. Anat., xix, 284, and "The Topographical Anatomy of the Child," 
1887, p. 46. 
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in the fourth month, and after their nnion two others appear (Hphenotics)} from which are 
formed the lingular and adjoining: parts of the carotid grooves. The internal pterygoid plates, 
corresponding to the jjterifffaid bones of animals, are ossified from distinct nuclei, which 
appear in the fourth month ; they unite with the external pterygoid plates in the fifth month. 
The great wings are united to the body in the first year. 

In the presphenoid division the first pair of nuclei appears in the ninth week outside the 
optic foramina, and extends by their growth into the small wings {orbitotpltenoids) : another 
pair of granules appears on the inner sides of the foramina, and the presphenoid portion of the 
body eil^ier results from the union of these, or is an independent growth. The presphenoid 
ossifications are united to the body of the postsphenoid in the seventh or eighth month. At 
birth the place of union is marked on the under aspect of the body by a wide notch, which 
sometimes opens above by a small hole on the olivary eminence. The body of the presphenoid 
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Fig. 78. — Ossification of thb sphbnoid bone. (R. Quain.) 

A, sphenoid bone at an early period, seen from above ; 1, 1', the greater wings ossified ; 2, 2', the 
lesser wings, in which the ossification has encircled the optic foramen, and a small suture is distinguish- 
able at its posterior and inner side ; 8, nuclei of basisphenoid. 

B, copied from Meckel (Archiv. vol. i, tab. vi, fig. 23), and stated to be from a fcetus of six 
months ; 2*, nuclei of presphenoid ; 5, separate lateral processes of the body (lingnlsd) : the other 
indications are the same as in A. 

G, back iMtrt of the bone shown in A ; 4, internal pterygoid plates still separate. 
D, sphenoid at birth. The great wings are still separate. The presphenoid is now joined to the 
basisphenoid, and the internal pterygoid plates (not seen in the figure) are united to the external. 

is for some years broad and rounded inferiorly ; it begins to be hollowed by the sphenoidal 
sinuses about the sixth y^r, and then becomes gradually narrower and more prominent, being 
ultimately reduced to the thin sphenoidal septum. 

The gphcwndal fpongtj hones begin to ossify in the fifth month. At birth each consists of 
a small sagittal lamina, resting against the presphenoid, and continued posteriorly into a 
lateral projection, which is hollowed in front for the sphenoidal sinus, the latter having been 
formed as a recess of the mucous membrane of the nose at the end of the third month. By 
the third year the bone has entirely surrounded the sinus, forming an osseous capsule with 
an anterior opening — ^the sphenoidal foramen. About the fourth year the upper and inner 
parts of this capsule begin to be absorbed, and the presphenoid then forms the wall of the 
sinus, which in its farther extension excavates the body of the bone. At the outer and fore 
part also absorption takes place, and the x»vity there comes to be bounded by the ethmoid 
and palate bones. The anterior projections of the sagittal plates meet in front of the pre- 
sphenoid, and uniting with the vertical plate of the ethmoid form the rostrum. The spongy 
bones are anchylosed first to the lateral mass of the ethmoid (about the fourth year), whence 
they are often regarded as parts of that bone. They join the sphenoid from the ninth to the 
twelfth year. (Toldt, " Die Entstehung und Ausbildung der Conchae und der Sinus sphenoidales 
beim Menschen," Lotos, 1882.) 

In the ethmoid bone ossification begins in the lateral masses during the fifth month, first 
in the orbital plate, and then in the middle turbinate bone. In the first year a nucleus 
appears in the vertical plate, and the cribriform plate is formed by ossification extending 
from this internally and from the lateral masses externally. The three parts are united in 



' J. B. Satton, ** On the Development and Morphology of the Human Sphenoid Bone," Proc. ZooL 
Soc Lend., 1885. 
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the fifth or sixth year. The ethmoidal cells appear in the sixth month as depressions of the 
macoTis membrane, but bony walls are not developed until after birth. 

The snperior maxillary bone beg'ins to ossify immediately after the clayicle and the 
lower jaw. The osseous deposit takes place at several points, but the different parts speedily 
fuse, and the precise number of centres is by no means certain. It is probable, however, that 
the maxilla proper is developed in at least three pieces, a m4ilar portion external to the infra- 
orbital canaJ, an orbito-facial portion between the foregoing and the nasal fossa, and a 
palatine portion including the palate process and the adjoining part of the nasal wall. The 
port of the bone which carries the incisor teeth, extending as far back as the incisor foramen, 
has an independent origin, corresponding to the premaxillairy bone of the lower animals. In 
the young subject always, and often in the adult, there is to be seen a fine iticisor Jijsgiire on 
the under surface of the palate process, passing outwards from the anterior palatine fossa to 
the alveolar border, internal to the canine socket ; and on the upper surface a similar line 
may be seen, though less frequently, extending up some distance on the nasal surface of the 
body ; but no trace of the line of union exista on the facial surface, as is the case in the 
lower animals. This is due to the development at the lower and fore part of the maxilla of 
an outgrowth, termed the incisor proceu^ which forms the front wall of the incisor sockets ; 






Fig. 79. — DlFFERSKT VIEWS OP THE SUPERIOR MAXILLARY BONE OP A P<STDS OP FOUR OR PIVE 

MONTHS. (R. Quain.) 

A, external surface ; a fissure, 1, is seen extending from the orbital surface into the infraorbital 
canal. 

B, internal surface ; the incisor fissure, 2, extends from the foramen upwards through the hori- 
zontal plate and some way into the nasal process. 

0, the bone from below, showing the imperfect alveoli and the incisor fissure, 2', 1, which crosses 
the iMtlate p]ate to the septum between the second and third al?eoli. 

behind this process, between it and the palate process, is a deep groove in which the pre- 
maxillary bone is formed, the latter being distinct up to the fifth month of foetal life. 
(Callender, Phil. Trans., 1869 ; Th. Kolliker," Os intermaxiUare des Menschen," 1882 ; Sutton. 
Proc. Zool. Soc., 1884.) 

The sockets of the teeth are formed by the downgrowth of an outer and an inner plate on 
the sides of the dental groove, and subsequently the partitions appear, those on each side of 
the canine tooth first. The antrum appears as a shallow depression on the inner surface of 



Fig. 80. — The vomer at the time op birth. (B. Quain.) 

1 & 2, the two plates -formlDg a groove for the reception of the septal 
cartilage. 
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the bone at about the fourth month; this gradually extends, separating the orbital and 
palate i>ortions of the bone, which at birth are still very close together. At its first appear- 
ance the antrum has a cartilaginous wall, which afterwards becomes absorbed. The infra- 
orbital canal begins as a groove on the orbital surface, which is gradually closed by the 
growing over of the outer margin ; but a fine suture remains indicating the line of meeting. 

The palate bone is ossified from a single centre, which appears in the seventh or eighth 
week at the angle between its horizontal and vertical parts. 

The vomer is ossified from a pair of nuclei which arise in membrane at the lower and 
back part of the cartilaginous nasal septum in the eighth week. They soon unite below, but 
growing forwards and upwards form the two laminae which embrace the septal cartilage. 
These laminse gradually undergo increased union from behind forwards till the age of 
puberty, thus forming a median plate, with only a groove remaining on its anterior and 
superior margins. 

The nasal and laohrymal bones are each ossified from a single centre appearing about the 
eighth week. At the time of birth there is a layer of cartilage beneath the nasal bone, which 
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is oontinaous above with the ethmoidal cartilage, and below with the lateral cartilage of the 
nose : this subsequently disappears. 

The malar bone also commences to ossify about the eighth week. According to Rambaud 
and Renault it is developed from three points which have united by the fourth month of 
fcetal life ; and to the persistent separation of one of these, the divided condition of the bone 
referred to on p. 66 may be due. 

The inferior turbinate bone is ossified in cartilage from a single centre, which only 
appears in the fifth month. 

The infisrlor maxillary bone is developed principally in the fibrous tissue investing 
Meckel's cartilage (see development of the head in YoL L), but to a less extent the cartilage 
itself participates in the ossification. At birth it consists of the lateral parts united at the 
symphysis by fibrous tissue : the osseous union takes place in the first or second year. The 
process of ossification commences very early, being preceded only by the clavicle, and proceeds 
rapidly : it takes place from several centres, which are united by the fourth month. The 
largest part of each half is formed from a deposit (dewtary) in the membrane on the outer 
side of Meckel's cartilage ; and to this there is added a second smaller plate (jfplenial) which 
forms the inner wall of the tooth-sockets, terminating behind in the lingula. A small part of 
the body by the side of the symphysis results from the direct ossification of the anterior end 
of Meckers cartilage ; and, posteriorly, the condyle and a portion of the ramus, including the 

Fig. 81. — ^The iNrsRioR maxilla of a child at birth. 

(R. Quain.) 

a k h indicate the two portions separate at the 
sjmphyBis. 

angle, are developed from another ossification in 
cartilage. The last, however, is not connected with 
Meckel's cartilage, which can be seen in a foetus of 
the fifth or sixth month to be prol<9nged up to the 
fissure of Glaser, where it becomes continuous with the slender process of the malleus, sur- 
rounded by fibrous tissue which eventually forms the so-called internal lateral ligament of 
the jaw. (Callender, PhiL Trans., 1869 ; KoUiker, " Entwickelungsgeschichte " ; Toldt^ 
« Wachsthum des Unterkiefers," Prag, 1883 ; Sutton, Trans. Odont. Soc, 1883.) 

At birth, the body of the jaw is shallow, the basal part is but little developed, and the 
mental foramen is nearer the lower than the upper margin ; the ramus is very lihort and 
oblique, the angle which it forms with the body being about 140® ; the neck of the condyle 
also is short and inclined backwards; and the coronoid process projects above the condyle. 
During the succeeding years the body becomes deeper, thicker, and longer, the ramus and the 
neck of the condyle lengthen, and the angle at which the ramus joins the body becomes less 
obtuse, till in the adult it is nearly a right angle. In old age, consequent upon the loss of the 
teeth and the absorption of the alveolar margin, the body becomes shallower, the mental 
foramen opens at the upper border of the bone, and the angle is again increased. 

The hyoid bone has five points of ossification — one for the body, and one for each of its 
great and small comua. The ossification begins in the great comua and body in the last 
month of foetal life, in the small comua in the first year after birth. The great comua and 
body unite in middle life, the small comua only exceptionally in advanced age. The stylo- 
hyoid ligaments are occasionally ossified in some part of their extent. 

aBNUaAIi MOBPHOIiOaY OF THX BONES OF THX HSAD 

The circumstances which contribute most to modify the form of the human skull and the 
condition of its component bones, as compared with that of other animals, are — 1st, the 
proportionally large size of the brain and the corresponding expansion of the cranial bones 
which enclose it ; 2nd, the smaller development of the face as a whole, and especially of the 
jaws, which briugs the facial bones almost entirely under the fore part of the brain-case, 
instead of in front of it, as occurs in all animals, with the partial exception of the anthropoid 
apes ; and 3rd, the adaptation of the human skeleton to the erect posture, which, as regards 
the head, is attended with the sudden bend of the basicranial axis at a considerable angle ui>on 
the line of the erect vertebral column ; and along with this the great development of the 
cranium in a backward direction, whereby the occipito-vertebral articulation comes to be 
placed approximately in the centre of the antero-posterior length of the skull, so that the 
head is nearly balanced on the upper extremity of the spine. The downward openings of the 
nostrils, the forwaid aspect of the orbits and eyes, the nearly vertical forehead and more or 
less oval-shaped face, are accompaniments of these human peculiarities in the form of the 
head, which, together with those already mentioned, strongly contrast with the smaller 
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omunm and its atrong CMsta of bone, the lanret projecting face and jawa, and the other 
oharaoteiistic featarea of the akull in moat animals. 

Aa regardi the condition of tile individoal bonee, It ia farther to be remarked that there ia 
genemllj in tlte human akoll a more complete conaolidation or bony onion of the oaaeooa 
elements than in animaU, go that the whole nomber of bones forming the ciAuiani &nd face 
ii least in man. Xhns, to mention only Bome of the most marked examples of this difference 
among n ^nmnntl" ; the frontal bone and the lower jaw frequently diridad into two latere 
portions ; the premaxillary very generally a separate bone from the maxillary; the prespbeooid 
in many separate from the postphenoid ; the interparietal from the occipital ,- and the 
sqnamosal and styloid ossifications from the periotic. It is also worthy of observation that 
the conditions now referred to as permanent in n-nima-ia exist aa transitory stages of develop- 
ment in man. 

Homolos^B.^It ia not posaibls here to enter at any length into the consideration of the 
homologies of the bones of the hnman skoll, bnt the diagrammatic representation of the bouea 
of the fiBtal head in fig. 82, and the following table will serre to indicate to some extent the 
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morphological relations of the several bones to eaoh other, and to thoae of other vertebrate 
animala, and to eiplain the origin of the oonatituent elements of the aknlL Additional 
information as to the latter point will be found in the acconnt of the development of the head 
in the chapter on Embryology in Vol. I. ; and for a fuller explanation of the homol<^ea of the 
bones the render is referred to worka on Comparative Anatomy. 



1. BONKS DKVXIiOFIlD IN THB FBHUTIVS OABTQiAOINOUB aBANKTlL 
Baaiooolpital ; BasUar process of the occipital bone. 
Bxoccipltala ; Condylar portiona of the occipital bone. 
Sopraoooipital ; Lower diriaion of the tabular part of the oodpltal bone. 
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Perlotios ; Greater parts of the petrous and mastoid portions of the temporal bones. 

Basisphenoid ; Posterior part of the body of the sphenoid bone, inclading' the Bella 
turcica. 

AliBphenoids ; Great wings of the sphenoid with the external pterygoid plates. 
1 Presphenoid ; Anterior part of the body of the sphenoid bone. 

Orbitosphenoids ; Small wings of the sphenoid bone. 

2. MBMBRANS-BONIBS OOMFUBTINa THB ORANIAIi WAIili. 

Interparietal ; Upper division of the tabular part of the occipital bone. 

Farletals ; The parietal bones. 

Prontals ; United in the single frontal. 

SQuamosalfl ; The squamous parts of the temporal bones with the zygoma. 

3. BONBS DBVlBIiOPlDD IN THB GABTIIjAaiNOnS NASAIi GAPSUIjB. 

Kresethmold ; Vertical plate of the ethmoid bone, together with the cartilaginous part of 
the nasal septum. 

Ethmoturbinals ; The lateral masses of the ethmoid, including the upper and lower 
turbinate bones. 

Mazilloturbinals ; The inferior turbinate bones. 

Sphenoidal turbinalB ; The sphenoidal spongy bones. 

4. M3BMBRANB-B0N1CS DZVSIiOPZD ABOUND THIS NASAIi OAFSUIiX AND VOBMINa 

THB aRBATBR PABT OF THB UPP^R FACB. 

Lachryinals ; The lachrymal bones. 

NasalB ; The nasal bones. 

ICaxlllss ; The superior maxillaiy bones, excepting the incisor part. 

Premaxillss or intermaxillss ; The incisor parts of the superior maxillary bones. 

Jusrals or malaxs ; The malar bones. 

Palatals ; The palate bones. 

Pteryeroids ; The internal pterygoid plates. 

Vomer ; The vomer. 

6. BONXS DBVBIiOPSD IN THB CARTIIiAaiNOnS VISCBBAIi ABCHBS OF 

THB HBAD. 

KTalleus, Incus, and Stapes ; The auditory ossicles or malleus, incus, and stapes. 
Tympanohyals and Stylohyals ; The styloid processes of the temporal bones. 
Epihyals ; The stylo-hyoid ligaments (occasionally ossified in man). 
Geratohyals ; The small oomua of the hyoid bona 
Thsrrohyals ; The great comua of the hyoid bone. 
Basihyal ; The body of the hyoid bone. 

6. MBMBRANB-B0NB8 DBVBIiOFBD IN CONNBOTION WITH THB VISGBBAIi ABCHBS. 

Uandible ; The inferior maxillary bone (a small part is developed in the cartilaginous 
arch). 

Tympanies; The tympanic plate, forming the auditory and vaginal piocesses (developed in 
the periphery of the membrane closing the first visceral cleft). 

The relations of the nerves at their passage out of the cranium to the osseous elements 
are remarkably constant, and afford considerable assistance in determining their homologies. 
Thus, the nerves of the principal sense-organs pass into their special cai)sules as follows, viz., 
the olfactory between the mesethmoid and ethmoturbinal divisions of the ethmoid bone ; the 
optic between the orbitosphenoid and the presphenoid ; and the auditory between the prootic 
and opisthotic divisions of the periotic mass. Farther, the motor nerves of the orbital muscles 
(third, fourth and sixth), together with the ophthalmic division of the trifacial (fifth), pass 
through the sphenoidal fissure between thie orbitosphenoid and alisphenoid, while the second 
division of the trifacial has a special foramen in the alisphenoid which has been separated off 
from the sphenoidal fissure by the gfrowth of bone around the nerve. Similarly, the foramen 
ovale for the third division of the trifacial has been cut off from the foramen laoerum between 
the alisphenoid and periotic. The facial (seventh) nerve leaves the cranial cavity with the 
auditory between the divisions of the periotic, and then traverses a canal (aqueduct of 
Fallopius), the lower part of which is included between the outer surface of the periotic and 
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the tTxupanic plate, while its Vidian branch occupies a canal sarroanded by the baslsphenoid, 
alisphenoid and pterygfoid elements of the sphenoid bone. The glosso-pharjgeal (ninth), 
pnenmo-gastric (tenth) and spinal accessory (eleventh) nerves pass between the periotic and 
exocoipital ; and the hypoglossal (twelfth) between the ezoccipital and basioccipital. The 
internal carotid artery, it may be added, enters the skull by the foramen lacerum, a space 
between the basisphenoid, alisphenoid, and periotic, having previously traversed the carotid 
canal formed by the downgrowth of the opisthotic ; and the jugular vein issues between 
the periotic and exocoipital. 

A general review of the construction of the skull shows that it may be regarded as consist- 
ing mainly of three sets of pan», viz. — Ist, basal or central parts, comprising the basi- 
occipital, basisphenoid, presphenoid, and mesethmoid, which form a series prolonged forwards 
in the line of the vertebral axis, and constitute a eranio-facial axis ; 2nd, superior arches, 
three in number, enclosing the brain, and consisting of more or less expanded bones, viz., the 
exoccipitaJs and supraoccipital together with the interparietal, the alisphenoids, squamosals and 
parietals, the orbitosphenoids and frontals ; and 3rd, inferior arches, surrounding the visceral 
cavity as represented by the nose, mouth, and pharynx ; these include the pterygoids, palatals 
and Tna-Tillm in a first arch, the mandible and the malleus of the internal ear in a second, the 
oerato-, epi-, stylo- and tympanohyals in a third, while the thyrohyals are the rudiments of a 
fourth, and the basihyal is interposed between ^e last two. To these succeed in the lowest 
vertebrates the series of branchial arches, one, or perhaps two, of which may be in part 
represented by the thyroid cartilage of the larynx. Together with the foregoing there are 
associated other elements, viz. — 1st, the periotic enclosing the organ of hearing, and the 
ethmo- and maxilloturbinals covering the organ of smell, which have been classed sepa- 
rately as special sense-capsules; and 2nd, the small bones of the face, malar, nasal, 
and lachrymal, supplementary to the maxillary arch, and the vomer, extending the 
eranio-facial axis. 

There is thus a certain resemblance in the arrangement of the chief parts of the skull to 
that of the trunk-skeleton, and this resemblance has led to the conception of what is called 
the vertebrate theory of the skull, according to which the skull consists essentially of a 
aeries of vertebrsa, the dorsal or neural arches of which have undergone great expansion, so 
as to predominate over the less developed ventral or visceral arches. Certain circumstances 
in the growth of the skull, especially the formation of a part at least of the eranio-facial axis 
around a prolongation of the notochord, appear at first sight to give support to this view ; 
but the more complete knowledge of the mode of development of the skull which has been 
obtained of late years tends to show that there is no such homodynamous correspondence 
between the several bones of the skull and the vertebral s^rments of the trunk-skeleton. Li 
explanation of this statement the following points of difference between the two may be 
vp&ovBkilj referred to, viz. — 1, a large part of the eranio-facial axis is prechordal, being formed 
beyond the cephalic extremity of the notochord, and therefore does not correspond to vertebral 
bodies ; 2, the cartilage in which the bones of the eranio-facial axis and its lateral exxmnsions 
are develoi>ed is not at any period segmented, as is the cartilage preceding the vertebras ; 3, 
the segmentation which is to be recognized in the bones of the skull does not agree with the 
segmentation which has been observed in the head of lower vertebrates at an early period of 
embryonic life ; 4, the bones forming the dorsal and ventral arches of the head are in large 
part developed in membrane, and are probably dermal in origin, whereas the arches of the 
vertebrae are entirely of cartilaginous origin ; and 5, the cartilaginous visceral arches of the 
head probably do not correspond to the costal arches of the vertebne, being formed in close 
connection with the wall of the alimentary canal, while the ribs are developed in the body- 
wall or sOmatopleure. 

On the whole, it would appear, therefore, that the skeleton of the head and the skeleton 
of the trunk agree in being formed in continuous tissue lying between and surrounding the 
cerebro-spinal axis and the alimentary canal, and that the correspondence observed in their 
general construction is due to this community of origin and relations. But the several bones 
are developed independently, and in a different manner in the head and trunk, giving rise in 
the one case to the skull, in the other to the vertebral column ; and although the head as a 
whole is undoubtedly derived in large part from a portion of the body that was primitively 
segmented, there is no evidence to show that the appearance of the skull has been preceded 
by a stage in which osseous or even cartilaginous vertebrse are developed in connection with 
these segments.^ (Huxley, "Lectures on Comp. Anat.," 1864; Gegenbaur, ** Elements of 
Comparative Anatomy," and Morph. Jahrb., xiii ; 0. Hertwig, " Lehrb. der Entwicklnngs- 
geschichte.") 

' The foetal conditions referred to above are fully explained in the section on Embryology in 
Vol. L 

VOL. II. O 
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I. DUXbreDMB aoconUiiK to ase. — In the earlier atsges of its development ths pOBterior 

part of the cmniam bears a very large proportion to the anterior part ; bo much so. that in 
the Becond month of fcctal life the line of the tentorium cerebeUi ia vertical to the basil 
cranii, and divides the cranial cavity almost equally into two parta. The parietal reg-ion then 
increases rapidly in volume, along with t^e greater development of the oerebral hemisphere ; 
the frontal region next ^iDgments ; and again, in the latter part of fcEtal life, the occipital 
region increases as the oerebram extends backwards (Cleland). At the time of birth the 
parietal region has reached its largest development in proportion to the occipital and frontal 
regions. The greatest frontal breadth is then smaller in proportion to that between the 
parietal eminences than afterwards. The base of the craninm ia relatively small, and the 
grreat wing of the sphenoid and the temporal eqnama do not extend so far upwards as enbse- 
qnently is the case. The petrous, which is, however, comparatively large, is inclined more 
forwards than in the adult. Other pecnliarities, such ae the existence of the fontnnelles, the 
prominence of the frontal and parietal eminences, and the absence of the mastoid prooessea, 
have been referred to in describing the development of the several bones. The face at birth 
scarcely reaches an eighth of the bulk of croDium. while in the adult it is at least a half 
(Frorlep). The Bkull grows rapidly during about the first seven years '^t life. By that time 

Fig. 83. — IiATBRll TIBW or TBB csild's SEDLL Af . 
BlBtH. (Lelshman. ) } 

This figure shows (he elongated form of the skall in 
the infant, and the small proportion which the facial 
bears to the cranial part, and also the lateral fontt;nc1la 
at the lower angles of the parietal bonei. The lines indi- 
cate the various diametera. 

oertain parts, including the drcumferenoe of the 
occipital foramen, the body of the ephenoiil, the 
cribriform plate, and the petrous division of the 
temporal, have attained their definitive size. The 
other regions also increase but little until the 
approach of puberty, when a second period of 
active growth begins, affecting especially the face and Uie frontal portion of the cranium, 
with which is associated the expansion of the frontal and other air-sinuses (Merkcl). The 
face becomes elongated in the progress of growth, partly by increased height of the nasal 
foeste and adjacent air-sinuses, partly by the growth of the teeth and the enlargement of the 
alveolar arches of the jaws. In old age the skull commonly becomes lighter and thinner, and 
often a little smaller ; bnt in some cases it increases in thicknees and weight owing to deport 
of bone on the interior of the brain-case withont a corresponding degree of absorption 
externally (Humphry). The proportion of the face to the cranium is also diminished by the 
loss of the teeUi and absorption of the alveolar portions of the jaws. In consequence of tbia 
the upper jaw retreats, while in the lower jaw the same cause gives, especially when the mouth 
is closed, a greater seeming prominence to the chin. (Froriep. " CHiaracteristib des Eopfea 
nach dem Entwickelungsgeseti dessslben," 184S ; Huschke, '■ Schadel, Him und Seele," 1861 ; 
Virchow, " Entwickelung des Schiidelcrundt-s," 1857 | Humphry, '■ A Treatise on the Human 
Skeleton," 1838, and "Old Age," 1SS9; Welcker, "Wachsthum and Bau des menschlichen 
ScbiWcla," 18fi2; Cleland, " On the Variations of the Human SkuU,"Phil. Trans., 1869; Merkel, 
" Beitrag lur Kenntniss der postern bryonalen Entwickluny des menschlichen Schadela," 1882.) 

II. Sexual difbrencSB. — The female skull is, in general, smaller, lighter, and smoother 
than that of the male ; the muscular impressions are not so strongly marked, the mastoid 
processes and the snperciliaiy ridges are le^s prominent, and the frontal sinuses less developed. 
The cranial capacity is less, on the average, by one-tenth, than that of the male in the same 
race, and the frontal and occipital regions are less capacious in proportion to the parietal 
(Huschke). The face is smaller in proportion to the cranium, the zygomatic arches slender, 
and the jaws narrower and less prominent. The female skull resembles the young skull more 
than that of the adult mole ; bnt it taual be admitted that it is often impossible to determine 
the xex by the appearance or form of a skull. 

III. Bace dUTerenoea, their meaanrement and claisiflcatton.. Craniometrr- — The most 
important measuremente and characters in comparing skulls of different races are the cranial 
capacity, the circumference of the cranium, the relntive length, breadth and height of the 
cranium, the degree of projection of the jaws, and the form of the nasal skelet^m and the 
orbital opening. 
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The oapaoity of the oraniom affords the most conyenient indication of the development 
of the brain.^ It is ascertained by filling the cranial cavity with shot, and then measuring 
the contained quantity in a properly graduated vessel, special precautions being taken to 
ensure as nearly as possible an equal pressure in both operations. The capacity of the normal 
human cranium varies from 1,000 to 1,800 cubic centimetres (about 60 to 110 cubic inches), 
with an average in all races of 1,400 cubic centimetres (85 cubic inches). Skulls with a 
capacity of from 1,350 to 1,450 cubic centimetres are placed in a middle group and termed 
mesoeephalic^ those exceeding 1,450 cubic centimetres in capacity are megacejfhalic, and those 
below 1,350 cubic centimetres are microcephalia (Flower). The following examples are of 
males only : — 





Cab. centim. 


Cub. inches. 


Eskimo . . 


1500 


91-5 


European 


1480 


90-3 


Chinese and Mongols. 


1430 


87-3 


African Negroes 


1350 


82-4 


Native Australians . 


1300 


79-3 


Andaman Islanders . 


1280 


78-1 



Before proceeding to the consideration of the linear measurements it is necessary to refer 
to certain definite points on the surface of the skull from which such measurements are 




Fig. 84.— SiDB VIEW OF SKULL 
OF ▲ MALE AUSTRALIAN. 

(After Flower.) 

A, alveolar point ; S, sab- 
nasal point ; N, Dusion ; 01, 
glabella ; Op, ophryon ; Bg, 
bregma ; Ob, obelion ; L, 
lambda ; 0, occipital point ; 
I, inion ; B, basion ; Ft, 
2Jterion ; St, stephanion ; As, 
asterion ; Gl 0, length of 
cranium ; B N, basinasal 
length ; B A, basialveolar 
leagth ; N S, nasal height. 

taken, or which have a 
particular importance as 
presenting varieties of more 
or less frequent occurrence, 
and to which special names 
have been given not of ordi- 
nary use in descriptive 
anatomy. These are : — 

Alveolar point (fig. 84, A). — ^The centre of the anterior margin of the upper 
alveolar arch. 

Suhnasal or spinal point (S). — The middle of the inferior border of the anterior nasal 
aperture at the base of the nasal spine. 

Nasion or nasal point (N). — The middle of the naso-frontal suture. 

Ophryon or svj}raorbital point (Op). — The middle of the supraorbital line, which, drawn 
across the narrowest part of the forehead, separates the face from the cranium. 

Bregma (Bj?). — The point of junction of the coronal and sagittal sutures. 

Obelion (Ob). — The region situated between the two parietal foramina where the sagittal ' 
suture is more simple than elsewhere, and where its closure generally commences. 

Lambda (L) — The point of junction of the sagittal and lambdoid sutures. 

Occipital point (0). — The point of the occiput in the median plane most removed from the 
glabella. 

^ According to Manouvrier (M6m. de la Soc. d'Anthrop. de Paris, 2 ser., t. iii, 1885), the weight 
of the brain in grammes may be approximately ascertained by multiplying the cranial capacity in cubic 
centimetres by '87. But it is to be remarked that Manouvrier's capacities were obtained by Broca*8 
method, which undoubtedly gives too high results. Welcker proposes (Arch. f. Anthrop., xvi, 51) a 
sliding scale, ranging from 91 gr. of bi-ain-weight to 100 ccm. of cranial capacity for skulls with a 
capacity of 1200 ccm. to 95 gr. to 100 ccm. for skulls of 1«)00 ccm. capacity. Thus 14S0 x '938 = 
1SS8 gr., which agrees closely with the avei'age European brain- weight as ascertained by direct 
observation. 

o2 



84 THE SKULL AS A WHOLE. 

Inion (I). — The external occipital protuberance. 

OpUthum, — The middle of the posterior margin of the foramen magfnnm. 

£aHon (B).— The middle of the anterior margin of the foramen magnum. 

Pterwn (Pt). — The region, near the anterior part of the temporal fossa, where the great 
wing of the sphenoid, the squamous, the parietal and the frontal bones approach each other, 
the exact disposition, however, varying in different individuals. In the most common 
condition the parietal and great wing of the sphenoid meet and form a short horizontal 
suture ; but it sometimes happens that these two bones are separated by the junction of the 
frontal and squamous, giving rise to a vertical fronto-temporal suture, generally continuing the 
line of the coronal suture. The latter form is especially frequent in some of the lower races of 
mankind, and is the rule in the gorilla and chimpanzee. There is often a small Wormian bone 
in this situation, the cpipteric hone of Flower, and many cases of the occurrence of a fronto- 
temporal suture are attributable to the union of this piece of bone with the squamous or frontaL 

Stephanion (St). — ^The point where the coronal suture crosses the temporal lin& 

Asterion (As). — The point where the lambdoid, parieto-mastoid and occipito-mastoid 
sutures meet. When a separate interparietal bone is present the suture dividing it from the 
Bupraoccipital runs transversely from asterion to asterion, which will in that case be the 
meeting point of four suturea 

Auricular point — The centre of the orifice of the external auditory meatus. 

The oircumference of the cranium, (horizontal) is taken in a plane passing anteriorly 
through the ophryon,^ and posteriorly through the occipital point (fig. 84, Op O). This may 
exceed to a slight degree 650 millimetres (21*7 inches) or it may be as low as 450 nun. 
(17*7 inches). The average in the adult European male is 525 mm., in the female 500 mm. 
For comparison of the relative development of the anterior and posterior portions of the 
cranium, the preauricular part of the circumference is divided from the postauricular part by 
a line on each side passing from the auricular point to the bregma (auricula -bregma tic line). 

The length of the cranium, (maximum) is measured from the most prominent point of the 
glabella to the occipital point (fig. 84, G^ 0), and this is made the standard = 100. The 
breadth (maximum) is the greatest transverse diameter of the cranium above the supramastoid 
ridges, measured perpendicularly to the median plane. The proportion of the latter to the 

length ( ; ) is the index of breadth or the cephalic index. Skulls with a 

\ length / 

bxeadth-index above 80 are brachy cephalic ^ from 75 to 80 mesaticephalic^ and below 75 dolich(h 

cephalic. 

The height of the oranioxn is measured from the basion to the bregma, and the proportion 

of this to the length, calculated in the same' way, is the index of height. It is subject to less 

variation than the breadth-index; in some cases, especially in dolichocephalic skulls, it 

exceeds, but more frequently it falls below that index. 

Breadth- Height* 
index. index.* 

Mongolians of Siberia and Central Asia . 88 73 

Andaman Islanders 82 77 

Chinese 79 75 

English 76 71 

Native Australian 71 71 

Fiji Islanders 66 74 

For a more accurate determination of the form of the cranium other measurements are 
taken, such as the transverse circumference, passing through the auricular point on each side 
and the bregma above ; the longitudinal arc from the nasion to the opisthion, with its 
subdivisions into frontal, parietal and occipital arcs ; transverse arcs from the posterior root 
of the zygoma immediately above the auricular point of the one side to the other, across the 
most prominent parts of the frontal, x)arietal, and occipital bones respectively. The antero- 
posterior curve of the roof may also be indicated by a eeries of radii from the basion to the 
centre of the frontal bone, the bregma, the vertex and the lambda. Other features again are 
not capable of being expressed in terms of direct measurement, and must be described in each 
case ; for example, the form of the transverse arch of the cranium, which in the best shaped 
skulls is full and rounded, while in some races, notably in the Australian, the line of the 
sagittal suture is elevated, and the surface on each side flattened or even somewhat depressed, 
making the calvaria roof -shaped ; and this condition, combined with great prominence of the 
parietal eminences or of the temporal lines, gives the skull, when viewed from behind, a 
markedly pentagonal figure. The degree of complication and fusion of the sutures, the 
amount of projection of the glabella and of the inion, and other variable points, may be stated 
according to tables furnished by Broca in the work referred to below. 

1 Some anthropologlBtB measure the circumference over the glabella (Turner, Schmidt). 
' In these examples, which are taken from the Catalogue of the Museum of the Royal College of 
SoiY^eona, the indices are calculated from the ophryo-occipital length. 
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The ritnation and direction of the foramen magnnm differ greatly, as was pointed out by 
Banbenton, in man and the lower animals, in connection with the altered position of the axis 
of the head in relation to that of the vertebral colnmn. In man the foramen is placed in or 
near the centre of the base of the skull, and its plane looks mainly downwards ; in quadmpeda 
it is placed on the posterior surface of the skull and looks backwards ; while in the anthropoid 
apes it is intermediate in position and direction. But even in human skulls similar differences 
oocur, though much less in degree. In the European the plane of the foramen is inclined 
upwards anteriorly, in the Australian and Negro it is horizontal or even inclined slightly 
upwards posteriorly. The degree of inclination requires for its determination a BpecisA 
^ occipital goniometer " designed by Broca. 

In the skeleton of the face the most striking differences are met with in the size of the 
Jaws and the extent to which they project forwards. The human skull, in comparisDn with 
that of the lower animals, is especially distinguished by the great expansion of its cranial 
portion and the relatively small development of the face, the latter being extended vertically 
instead of horizontally, and thus brought downwards under the fore part of the cranium. A 
marked prominence of the jaws constitutes, therefore, an approach to the animal tyx)e of 
Bkull, and is to be regarded as a character of inferiority, particularly when it is accompanied, 
as is often the case, by a low and receding forehead. The degree of projection of the Jaws 
beyond the cranium is most conveniently expressed by the gnathic or alveolar index of Flower, 
which is obtained by comparing the basialveolar length (fig. 84, BA) with the basinasal length 
(BN) = 100; skulls with a gnathic- index below $^8 are orthognathout, from 98 to 103 
mesognatfiouSf and above 103 prognathous. /fl ^ V i - 

Gnathic Index [/'^ -^ ^ • ^ 

English 96 ». /^, 

Chinese 99 

Eskimo 101 

Fiji Islanders . . . 103 

Kative Australian . . . 104 

In the form of the nasal skeleton and the anterior nasal aperture variations are to be 
recognised corresponding to the external conformation of the nose. Of these, the height and 
width are capable of exact measurement, and the relation between the two, expressed by the 
nasal index^ becomes a character of considerable importance. The height is measured from 
the nasion to the subnasal point (fig. 84, NS), the width is the greatest transverse diameter 
of the anterior nasal aperture, and the calculated proportion of this to the height » lOO, is 
the index. With a nasal index below 48 a skull is leptorhine, from 48 to .63 mesorhine, above 
53 pUityrhine, 

Xasal Index. 

Eskimo ..... 44 

EngUsh 46 

Chinese 50 

Kative Australian ... 57 

The form of the orbit also varies, but is a less significant character than that of the nose. 
The orbital index is the ratio of the vertical height of the base of the orbit to the transverse 
width ss 100; if above 89 it is m^gaseme, between 89 and 84 mesoseine, and below 84 
microteme. 

Orbital Index. 
Andaman Islanders . . 91 



Chinese 
English . 
Kative Australian 
Guanches of Teneriffe 



90 

88 
81 
80 



For an account of the variations in the form of the palate and of the mandible, as well as 
of the means of estimating the relative projection of the malar and nasal bones, and several 
other measurements of the face skeleton, reference must be made to the special treatises. 

(For more detailed information on the foregoing subject consult Broca, ** Instructions 
craniologiques et craniom^triques," 1876 ; Flower, " Cat. of Museum of Roy. Coll. Surg. 9f Eng.," 
part i., 1879 ; de Quatrefages and Hamy, " Crania Ethnica," 1873-81 ; Topinard, " Elements 
d'anthropologie g4n4rale;" Turner, "Challenger" Reports, Zoology, x; and Schmidt, 
'< Anthropologische Methoden," 1888. References to earlier writings of importance are given 
in the last edition of this work.) 

IV. Irregularities of form — The most frequent irregularity in the form of the skull is 
want of symmetry. This sometimes occurs in a marked degree, and there is probably no skull 
perfectly symmetrical. The condition which has been observed to co-exist most frequently 
with irregular forms of skull is premature agnostosit or obliteration of certain of the sutures. 
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The ci-anial bones increase in size principally at their margrins ; and when a Batnre is 
prematurely obliterated the growth of the skull in the direction at right angles to the line of 
suture may be supposed to be checked, and increased growth in other directions may take 
place to supply the defect. Thus, the condition known as scaphocephaly is found associated 
with absence of the sagittal suture, where, the transverse growth being prevented, a great 
increase takes place in the vertical, and especially the longitudinal directions, giving the vault 
of the skull a boat-like form. Similarly, acrocejfhaly is related to obliteration of the coronal 
suture, the compensatory growth taking place mainly upwards. Oblique deformity, or 
plagiocephaly^ also is met with in connection with premature fusion of one half of the coronal 
or lambdoid suture ; but independently of this a precisely similar deformity may be induced by 
rickets, wry-neck, or external pressure. (See Virchow, '*6esammelte Abhandlungen," 1856; 
Lucae, " Zur Architectur des Menschenschadels," 1857 ; W. Turner in Nat Hist. Bev., 1864 ; 
J. Barnard Davis, "On Synostotic Crania," 1865; Topinard, op, cit.) Another series of 
irregular forms of skull is that produced by pressure artificially applied in early life, and is 
best exemplified from among those American tribes who compress the heads of their children 
by means of an apparatus of boards and bandages : it is also illustrated in a slighter degree by 
individual instances in which undue pressure has been employed unintentionally. (Gosse, 
^ Essai sur les Deformations artificielles du Cr&ne," 1855 ; V. Lenhossek, " Die kilnstlichen 
Schadelverbildungen," &o., 1881.) Posthumous distortions likewise occur in long-bxmed 
skulls, subjected to the combined influence of pressure and moisture. (Wilson, " Prehistoric 
Annals of Scotland.") 

IV.— THE BONES OP THE UPPER LIMB. 

The upper limb consists of the shoulder, the arm, hrachium, the forearm, an/*- 
irachium, and the hand, manus. The bones of the shoulder are the clavicle and 
scapula, which together form the pectoral arch or shoulder-girdle ; in the arm is the 
humerus ; in the forearm are the radius and ulna ; "and in the hand three groups of 
bones, viz., the carpus, metacarpus, and phalanges. 
* 

THS OliAVIOIiXS. 

The clavicle or collar-bone extends outwards and backwards, from the summit of 
the sternum to the acromion process of the scapula, and connects the upper limb 
with the trunk. It is curved like an italic/: the internal curve has its convexity 
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Fig. 86.— JliOHT CLATiCLE, FBOM ABOVE. (Drswu by T. W. P. Lawrence.) § 

directed forwards, and extends over two-thirds of the length of the bone ; the 
outer curve is concave forwards, coiTesponding to the hollow between the chest and 
shoulder. 

The clavicle is broad towards its scapulaj end, being compressed from above 
downwards, but in the extent of its inner curve it is more or less prismatic or 
cylindrical. In its description, four surfaces may be distinguished, together with the 
two extremities. 

The «w/wrwr surf 04^ is broadest in its outer part ; it is principally subcutaneous and 
smooth, but near the inner extremity presents a slight roughness, marking the clavi- 
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cular attachment of the sterno-cleido-mastoid muscle. The anterior surface o^^^ii^ 
the outer curve is reduced to a mere rough border, from which the deltoid muscle 
takes origin ; but in the inner Jialf of its extent it is broadened out into an uneven 
space, more or less distinctly separated from the inferior surface, and giving attach- 
ment to the pectoralis major muscle. The posterior surface is broadest at the inner 
extremity, and smooth in the whole extent of the internal cun^ature ; but towards 
its outer extremity it forms a thick border which gives attachment to the trapezius 
muscle. About the middle of this surface is the aperture of a small canal for the 
medullary artery, directed outwards. On the inferior surface, at the sternal end is a 
rough impression for the attachment of the rhomboid ligament, by which the clavicle 
is bound down to the first rib ; more externally is a groove, extending somewhat 
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Fig. 86. — ^RiQHT CLAVICLE, TROM BELOW. (Drawn by T. W. P. Lawrence.) § 



beyond the middle third of the bone, in which the subclavius muscle is inserted ; 
behind this, projecting on the posterior border at the junction of the middle and 
outer thirds, is a well-marked eminence, the conoid tubercle, to which the conoid 
division of the ooraco-clavicular ligament is attached, and from which the rough, 
generally raised, trapezoid line, for the trapezoid part of the same ligament, is directed 
outwards and forwards towards the end of the bone. 

The sternal end is the thickest part of the clavicle. It presents a somewhat 
triangular concavo-convex surface, with its most prominent angle directed down- 
wards and backwards. The scapidar end is broad and flat, and articulates by a small 
oval surface with the acromion. 

The clavicle is subcutaneous to a greater or less extent in its whole length ; the 
most prominent part is about the centre, corresponding to the intermuscular intervals, 
above between the sterno-mastoid and trapezius, and below between t^e pectoralis 
major and deltoid {supra- and infraclavicular fossae). The outer extremity is a little 
higher than the upper surface of the acromion against which it fits, and forms a 
prominence on the upper part of the shoulder. 

The interior of the clavicle contains coarse cancellated tissue in its whole extent, the 
principal lamellae being* directed lon<fitudinally. The shell of compact tissue is for the most 
part very thick and dense, but it thins out gradually at the two ends of the bone. 

Varieties. — At the inner part of the deltoid imprefsion there is sometimes a flattened 
projection known as the deltoid tubercle, A small foramen for one of the supraclavicular 
nerves is occasionally found at the fore part of the upper surface of the bone about the 
middle. 

THS SOAFUIiA. 

The scapula is placed upon the upper and back part of the thorax, and forms 
the posterior part of the shoulder-giidle. It is not attached directly to the trunk, 
but is articulated with the outer end of the clavicle, and from it is suspended the 
humerus in the shoulder-joint. 
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It coneisU of a triangnlar blade or body, sappoitiog two large proceasea. The 
surfaces of the body are anterior and poBterior ; the borders superior, iiitemai or 
vertebral, and external or axillary ; the angles siiporior, iaferior, and external ; the 
last being'the thickest part of the bone, and bearing the large articular surface, is 
distinguished aa the head, which is supported upon a neck. The processes are an 
anterior, coracoid proeets, and a posterior, the spine, which is produced into the 
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The anterior surface or venter, looking also considerably inwards, presents a 
concavity, the tubscapular fosta, occupied by the subscapularis mugele, and marked 
by three or four oblique prominent lines, converging upwards and outwards, which 
give attachment to the tendinous intersections of that muscle. Separated from this 
concavity, are two smaller flat surfaces, ooe in front of the stipcriur angle and 
the other at the inferior angle j and these, together with the line running close to 
the vertebral border and uniting them, give attachment to the serratus magnoa 
muscle. 

The posterior surface or dorsum is divided by the spine into two unequal parts, 
the upper of which is the supraspinous fossa, and the lower, the infmspinowt fossa. 
The supraspinous fossa « occupied by the snpraspinatus muscle. The infraepinoiu 
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fossa, mach the larger, presents in the middle a convexity correBponding to the 

concavity of the venter, and outside this a concavity bounded by the prominent 
axillaiy border. It is marked near the inner border by short lines, corresponding to 
tendinous septa of the infraspinatus muscle, and is occupied by that muscle in the 
greater part of its ext«ut. Adjacent to the axillary border, in its middle third, is 
a nan-ow area giving attachment to the teres minor muscle ; and below this, extend- 
ing over the inferior angle, is a raised oval surface, from which the teres major arises. 
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These spaces are separated from each other, and from that of the infraspinatoB 
mnscle, bylines which give attachment to aponeurotic septa. 

The spine of the scapula is a massive triangular plate of bone projecting back- 
wards and upwai-ds from the doreum. Beginning internally near the upper fourth 
of the vertebral border, it extends outwards and a little upwards to the middle of 
the neck of the scapula ; and becoming gradually elevated towards its outer extremity, 
it turns forwards and is continued into the acromion process. The upper and lower 
surfaces, smooth and concave, form part respectively of the supra- and infraspiaons 
fossae. It has two unattached borders, the more prominent .of which is sub- 
cutaneous, and arises from the vertebral border of the bone by a smooth, flat, 
triangular surface, over which the tendon of the inferijiiL^iaiijrf the trapCEius 
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znusde glides, as it passes to be inserted into a rough thickening beyond. In the 
rest of its extent this border is rough, broad, and serpentine, giving attachment by 
its superior margin to the trapezius, and by its inferior to the deltoid muscle. The 
external border, short, smooth, and concave, arises near the neck of the scapula^ and 
is continuous with the under surface of the acromion, enclosing the great scapular 
notch between it and the neck of the bone. 

The acromion process, projecting outwards and forwards from the extremity of the 
spine over the glenoid cavity, forms the summit of the shoulder. It is an expanded 
process, compressed from above downwards. Its superior surface, rough and 
subcutaneous, is continuous with the prominent border of the spine ; while the 
inferior surface, smooth and concave, is continuous with the superior surface and 
external border of the spine. On its internal border anteriorly is a narrow oval sur- 
face for articulation with the clavicle. Its outer border gives origin to the acromial 
portion of the deltoid, and is marked by three or four tubercles from which tendinous 
processes of this part of the muscle spring : posteriorly it terminates in the pro- 
minent acromial angle, which overhangs the hinder margin of the glenoid cavity. 
The apex of the acromion projects beyond the end of the clavicle, and gives attach- 
ment to the coraco-acromial. ligament. 

The head bears the articular surface for the humerus, known as the glenoid cavittf. 
This is a slightly concave surface, looking outwards, forwards, and slightly upwards. 
It is pyriform in shape, with the narrow end uppermost, and gently incurved in 
front. Its rim is flattened, and in the recent state is covered by a fibrous band, the 
glenoid ligament, which deepens its concavity; at its upper extremity is a small mark 
indicating the attachment of the long head of the biceps muscle. 

The nechy supporting the head, is most distinct behind, where it forms with the. 
spine the great scapular or acromio-scapular notch, leading from the supraspinous to 
the infmspinous fossa ; its position is also marked above by the notch in the upper 
herder of the bone. 

The coracoid process, thick, strong, and hook-like, rises for a short distance almost 
vertically from the upper border of the head, and then bending at a right angle, is 
directed forwards and slightly outwards. Its superior surface, towards the base, is 
rough and uneven, giving origin to the coraco-clavicular ligament ; on its outer 
border is attached the coraco-acromial ligament, at its extremity the coraco-brachialis 
muscle and short head of the biceps, and on the inner edge the pectoralis minor. 

The superior border of the scapula is the shortest ; it extends from the superior 
angle outwards and downwards to the coracoid process, at the base of which it presents 
a rounded sup-ascaptdar or coraco-scapujar notch, which is converted into a foramen 
by a ligament, or occasionally by a spiculum of bone, and is traversed by the supra- 
scapular nerve. The axillary border is the thickest ; at the upper end, below the 
glenoid cavity, it presents a strong rough mark, above an inch long, to which the 
long head of the triceps muscle is attached ; and below this there is usually a slight 
groove, where the dorsal branch of the subscapular artery passes backwards ; on the 
ventral aspect of this edge in the greater part of its length is a marked groove in which 
a considerable part of the subscapularis muscle arises. The ve^'iebral border, called 
also the base, is the longest of the three, and is divisible into three parts, viz., a short 
one opposite the triangular surface of origin of the prominent border of the spine, 
and the portions above and below that space, both of which incline outwards as they 
recede from the spine. The upper part gives attachment to the levator anguU 
scapulae muscle, the middle to the rhomboideus minor, and the lower to the rhom- 
boideus major muscle. 

The subcutaneous parts of the scapula are the free border of the spine in nearly 
the whole of its length, the upper surface of the acromion, and a small part of the 
vertebral border in its lower half; the superior and axillary borders are entirely 
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concealed by the muscles. The coracoid process projects in front beyond the clavisle, 
and can be readily felt inside the head of the humerus, but can be seen only in thin 
persons. With the arm hanging by the side, the scapula covers the ribs from the 
second to the seventh inclusive, sometimes the eighth ; and the root of the spine and 
the lower edge of the glenoid cavity are on a level with the interval between the 
third and fourth dorsal spines. It must, however, be remembered that the bone 
changes its position with every movement of the arm. 

The body of the scapula is in great part thin and translucent, and at these spots contains 
no cancellated tissue. The head, the coracoid and acromion processes, the prominent border 
of the spine, and the thick rib along the axillary border, derive their greater thickness and 
strength from increased thickness of the compact bony substance in some parts, and from 
cancellated tissue in others. Vascular foramina pierce the upper and lower surfaces of the 
spine, and others are to be found on the anterior surface of the bone, near the neck. 

The morphological axis of the scapula corresponds to the line of attachment of the spine, 
extending from the glenoid cavity to the vertebral border of the bone. From this axis three 
laininm radiate, the jrrescapula, mesoscajyula^ and poHscapvla of 
Parker, giving rise to the three scapular fossae. The supraspinous 
angle (between the prescapula and mesoscapula) measures about 
lOG^ ; tJie infraspinous and subscapular angles are each about 130°.^ 
The scapula of man is remarkable for the great development of the 
postscapula, making the vertebral border very long and the inferior 
angle prominent. This is an adaptation to the freedom of move- 
ment possessed by the upper limb. The surface for attachment of 
the rotator muscles of the humerus is thus increased, and greater 
leverage is given to the lower part of the serratus magnus muscle, 
which rotates the scapula upwards. The relative length and 
breadth of the scapula are expressed by the scapular index = 

100 X breadth 

" 2 — -77- . The index is higher in the infant than in the 

adult, and in Negroes than in Europeans. (Broca, Bull. Soc. 
Anthrop. Paris, 1878 ; Flower and Garson, Joum. Anat., xiv ; 
Tomer, " Challenger " Reports, Zoology, xvi ; Dwight, " The Range 
of Variation of the Human Shoulder-Blade," Amer. Nat., 1887.) 

THX HUMSBUB. 

The humerus or arm-bone extends from the shoulder 
to the elbow, where it articalates with both bones of the 
forearm. It is divisible into the superior extremity^ including 
the head, neck, and great and small tuberosities ; the shaft ; 
and the inferior extremity , including the external and internal 
condyles, and the inferior articular surface. In general form 
it is subcylindrical and slightly twisted. 

The superior extremity is the thickest part of the 
bone. The head is a large hemispherical articular elevation, 
directed inwards, upwards, and backwards. The neck, as 
described by anatomists, is the short portion of bone which 
supports the head ; inferiorly, it passes into the shaft ; 
superiorly, it is a mere groove between the head and the great tuberosity. 
The great tubei'ositg is a thick projection, continued upwards from the external 
part of the shaft, and reaching nearly to the level of the upper margin of the 
head; it is surmounted by three flat surfaces, the uppermost of which gives 
attachment to the supraspinatus muscle, the lowest to the teres minor, and the 
intermediate one to the infraspinatus muscle. Separated from the great tuberosity 
by the commencement of the bicipital groove is the small tuberosity, oval and 
prominent ; it looks forwards and gives attachment to the subscapularis muscle. 
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The shaft or body, thick and cylindrical above, becomes expanded transversely 
BQd somewhat three-sided below. It ia divided into anterior and posterior faces by 
lateral lines, slightly marked in the upper part, but more prominent in the lower, 
where they pass into the supracondylar ridges. Superiorly, on its anterior aspect 
ia the hcipital groove, so named from lodging the long tendon of the biceps mnscle ; 
this groove, commencing between the tuberosities, descends with an inclination 
inwards, and is bounded by two tough margins, the external and more prominent 
of which,pwtorairirfsfe, gives attachment to the pectoralis major muscle, the internal 
to the latissimos dorsi and tfires major. To- 
wards the middle of the shaft:, on the inner 
lateral line, is a rongh linear mark where the 
coraco-brachialia muscle is inserted, and a little 
lower down is the foramen by which the chief 
medullary artery enters the bone, directed down- 
wards. On the external part of the shaft, near 
its middle, in a line anteriorly with the pectoral 
' ridge, is a large, elevated, and rough surface, of 

a triangular shape, the deltoid eminence, for the 
insertion of the muscle of the same name. Below 
this, the ridge is continued into a smooth 
elevation which, descending on the front of 
the shaft to the inferior extremity, separates an 
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external from an internal surface ; while at the sides these are separated from the 
flat posterior surface by the supracondi/lar ridges, which descend, the external more 
prominent than the internal, to the condyle on each side. About the middle of the 
shaft externally, a broad depression, the spiral groove, winds downwards and 
forwards, limited above by the deltoid eminence, and below by the external 
supracondylar ridge: the hollow ia for the most part occupied by a process of the 
brachialis anlicus muscle, but posteriorly, where there is often to be recognized a 
second smaller groove, the musculo-spiral nerve and superior pi-ofunda vessels rest 
against the bone. At the npper part of the groove there is generally a second 
foramen for a branch of the superior profunda artery. 

The eitomal and intemol Barface* below the deltoid eminencs are oconpied bj the oriffin of 
the brachialis anticua muscle. Posteriorly, the outer head of the triceps arines from the surface 
above the spiral groove, the inner head from the surface internal to and below the groove. 
The external supraooivdyUr ridge ^vea origin in its upper two-thirda to the supinator loni^a, 
In its lower third to the extensor carpi radialis longior. The external and internal iuter- 
mnsonlar septa of the drm are also attached to the oorrespondiog enpnioondylftr ridge*. 

The inferior extremitr is much enlai^ed laterally, flattened from before 
backwards, and curved slightly forwards. Projecting on either side are the exUmal 
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and intsmal condyles (the epkondyU and epitrochlea of cAiaiissier). The internal 
condyle is the more prominent, and is slightly inclined backwards, forming 
posteriorly a shallow groove in which the nlnar nerve lies : its extremity is marked 
anteriorly by an impression to which the common teadon of the superficial 
pronato-fiexor muscles of the forearm is attached. On the external condyle are seen, 
1, a mark for the common tendon of some of the mnscles of the back of the forearm ; 
2| below and intemial to this, a smaller impression for the ancohens ; and 3, between 
the foregoing and the margin of the radial articular surface, a pit in which the 
external lateral ligament of the elbow-joint is attached. The inferior articular 
surface is divided into two parts. The external part, articulating with the radius, 
consists of a rounded eminence directed forwards, called the capifellum, and a 
groove internal to it ; it does not extend to the posterior surface. The internal part» 
the trochlea, articulates with the ulna, and extends completely round from the 
anterior to the posterior surface of the bone ; it is grooved in the middle like the 
surface of a pulley, and is somewhat broader behind than in front ; anteriorly, its 
margins are inclined downwards and inwards ; posteriorly, upwards and outwards, so 
that, seen from behind, it occupies the middle part of the bone. In front, the internal 
margin of the trochlea is the more prominent, and forms a convexity parallel to the 
groove ; behind, the external margin is slightly more prominent. Above the 
teochlea posteriorly is a large and deep pit, the olecranon fossa, which receives the 
olecranon process of the ulna in extension of the forearm ; and above it anteriorly, 
separated from the olecranon fossa only by a thin lamina of bone, is the much smaller 
coronoid fossa, which receives the coronoid process in flexion. Above the capitellum 
is a shallow depression — the radial 'fossa, into which the head of the radius is 
pressed in complete flexion. 

The humerus, in its natural position with the arm hanging by the side, has a 
slight inclination from above downwards and inwards, and is also in a condition of 
what may be termed strong internal rotation, i,e., the so-called anterior surface looks 
very much inwards, and the internal condyle is directed more backwards than 
inwards. The bone is almost completely covered by muscles ; the upper extremity 
is thickly covered by the deltoid, which it pushes up, and thus gives roundness to 
the shoulder : the shaft is entirely surrounded : both condyles are subcutaneous, the 
internal being prominent, while the appearance of the external varies as the forearm 
is moved. When the elbow is bent the capitellum projects under its muscular 
covering, and forms the rounded prominence outside the point of the elbow. 

The average leng^ of the humerus in the adult male is about 13 inches, in the female 12 
inches. It is nearly one-fifth of the stature of the individual, and somewhat more than twice 
as long as the clavicle.* 

The major axes of the upper and lower extremities of the humerus do not lie in the same 
plane, but cross one another at an angle, known as the angle of tortion^ which varies g^reatlj 
in different individuals, but averages about 20° in Europeans, and 85° in Negroes. The axis 
of the upper end forms a smaller angle anteriorly with the sagittal plane than that of the 
lower end. In quadrupeds the torsion is usually about 90". (Broca, Rev. d'Anthrop., 1881.) 

Varieties. — A small hook-like process, with its point directed downwai'ds, is not un- 
f requently found in front of the internal condylar ridge, the supracondylar process. From its 

^ On the length and proportions of the long bones in different races of men may be consulted 
Humphry, "A treatise on the human skeleton"; Topinard, '^^l^menttt d'anthropologie gdn6rale" ; 
Turner, *' Challenger " Reports, Zoology, xvi ; Rollet, ''Mensuration des os longs des membres,*' 1889. 

It may here be remarked also that the limb-bones of the two sides are seldom of equal length. In most 
cases the bones of the upper limb (humerus + radius) are longer on the right side, the difference being 
commonly about one-third of an inch, and rising occasionally to three-quarters of an inch. The 
increased development is probably associated with the greater use of the right hand. In the lower limbe 
the differences are not so marked, and the excess appears to be more frequently on the left side. These 
differences do not exist at birth. (Garson, Joum. Anat., xiii, 602 ; Rollet, op. cit. ; Gaupp, " Maass- 
und Gewichta- Differenzen swischen den Knochen der rechten und linken Extremitaten,*' Dis8.» 
Breslau, 1889.) 
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eztremify, a fibrous band, graving origin to the pronator radii teres mnsde, descends to the 
internal condyle, and throngh the arch thns formed passes the median nerre, accompanied 
frequently by the brachial artery, or by a large branch rising from it. This process represents 
a portion of the bone enclosing a foramen in many animals. (Struthers, Edin. Med. Joum., 
1848 ; Gruber, *' Can. supracond. humeri/' Mem. Acad. Imp. St. Petersburg, 1859.) The thin 
plate between the olecranon and coronoid fossa is sometimes perforated, forming the tupra* 
trochlear or intercondylar forainen, 

THX XTIiNA. 

The ulna is the internal of the two bones of the foreann, and is longer than the 
radius by the extent of the olecranon process. It is inclined downwards and oat- 
wards from the humerus in such a direction that a straight line passing from the 
great tuberosity of the humerus downwards through the capitellum would touch the 
lower end of the ulna. 

The ulna articulates with the humerus and the radius : in the natural skeleton it 
is not in contact with the carpal bones, being excluded from the wrist-joint by an 
interarticular fibro-cartilage. 

The superior extrexnity is much the larger^ and articulates with the humerus 
by means of the great sigmoid cavity^ which looks forwards and upwards, and is 
bounded in its posterior and upper part by the olecranon^ a thick process continued 
upwards from the shaft, and in its lower part by the coronoid process projecting 
fonn^ards. The great sigmoid cavity is concave from above downwards, and traversed 
by a longitudinal ridge. The part external to this ridge is broad and convex above, 
while the part internal to the ridge is concave and broader below : a slight 
constriction, and sometimes a groove of division, occurs across the middle of the 
cavity. Continuous with the great is the small sigmoid cavity, a small articular 
surface on the outer side of the base of the coronoid process, concave from before 
backwards, for the reception of the head of the radius. Superiorly, the olecranon is 
broad and uneven, terminating in front in an acute process or beak, which overhangs 
the great sigmoid cavity, and which in extension of the elbow passes into the 
olecranon fossa of the humerus, and behind in a rectangular prominence or 
tuberosity^ which forms the point of the elbow, and gives attachment to the triceps 
extensor muscle. The posterior surface of the olecranon is subcutaneous and 
continuous with the posterior margin of the shaft of the ulna. The extremity of 
the coronoid process is sharp and prominent, and is received during flexion into the 
coronoid fossa of the humerus : its superior surface forms part of the surface of the 
great sigmoid cavity: the inferior or anterior surface rises gradually from the anterior 
surface of the bone, and is covered by a large triangular roughness, the inner part 
of which, together with the tuberosity of the ulna at the lower angle of the surface, 
gives insertion to the tendon of the brachialis anticus muscle. 

The body or shaft tapers from above downwards, and in the upper three-fourths 
of its extent is three-sided, and slightly curved with the convexity backwards ; in 
the lower fourth it is slender and more cylindrical. It also presents a lateral curve, 
with the concavity inwards above, outwards below. The anterior border , continued 
downwards from the inner edge of the coronoid process, is thick and rounded. The 
posterior border begins a little below the olecranon process by the meeting of two 
lines which limit the triangular subcutaneous surface of the upper end of the bone, 
and runs with a sinuous course to the back of the styloid process : it is smooth and 
prominent in the upper two-thirds, rounded and ill defined in the lower third. The 
external border is in the middle three-fifths of the shaft a sharp rough edge which 
gives attachment to the interosseous membrane ; in the lower fifth it is only a 
faintly marked line. In the upper fifth this border is continued by two lines, one 
passing into the inner margin of the coronoid process, and the other to the posterior 
extremity of the small sigmoid cavity, near which it becomes very prominent as the 
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supinator ridgey giving origin to a part of the supinator brevis muscle. Between 
these lines, and below the small sigmoid cavitj, is a triangular hollow, the fore part 
of which lodges the tuberosity of the radius with the insertion of the biceps tendon in 
pronation of the hand, while in the hinder part fibres of the supinator brevis arise. 
The anterior surface is concave in the upper two-thirds, where the flexor profundus 
digitorum muscle takes origin, and in its lower third is marked by an oblique line — 
the pronator ridge, which joins the anterior border and limits the attachment of the 
pronator quadratus. Above the middle is a foramen for the medullary artery, 
directed upwards. The internal surface is smooth and convex, in the upper two- 
thirds giving attachment to the flexor profundus muscle, in the lower third 
subcutaneous. The posterior surface^ more uneven, looks outwards and backwards ; 
an indistinct oblique line, descending from the supinator ridge to the posterior 
border at the junction of the upper and middle thirds of the shaft, limits a trian- 
gular area, which extends over the outer side of the olecranon and gives attachment 
to the anconeus muscle ; below this a longitudinal ridge divides the surface into 
an inner portion, smooth, and covered by the 
extensor carpi ulnaris, and an outer part, 
more irregular, and impressed by the ex- ^nt.borocr 

tensor muscles of the thumb and index 
fingers. 

The ixiferior extremity presents a 
rounded head, from the inner and back 
part of which a short cylindrical eminence, 
the styloid process, projects downwards, 

giving attachment in front and below to Fig.96.— Transverse skctiok through the 

the internal lateral ligament of the wrist- middle of the bohes of the forearm. 

joint, and externally to the triangular fibro- ruprNA^ox^TeTT) "j"*'*^"' '" 

cartilage. The head bears two articular 
surfaces, an inferior, semilunar and flat- 
tened, upon which the triangular fibro-cartilage of the wrist plays ; and a lateral, 
narrow and convex, which is received into the sigmoid cavity of the radius. 
The head and the styloid process are separated posteriorly by a groove, which is 
traversed by the tendon of the extensor carpi ulnaris ; and inferiorly by a depres- 
sion, into which also the triangular fibro-cartilage is inserted. 

The ulna is placed in its whole length under the skin at the back of the forearm. 
The subcutaneous tract comprises the triangular surface on the back of the 
olecranon, the posterior border of the shaft, which lies at the bottom of a longi- 
tudinal groove between the flexor and extensor muscles, and, in the lower third, a 
narrow strip of the internal surface leading down to the styloid process : the latter 
projects in the supine position of the hand at the inner and posterior part of the 
wrist ; but when the hand is pronated, the outer and fore part of the head of the 
ulna, becomes superficial and prominent between the tendons of the extensor carpi 
ulnaris and extensor minimi digiti muscles. 



THK RADIUS.! 

The radius is the external of the two bones of the forearm, and extends from 
the humerus to the carpus. It articulates with the humerus, the ulna, and the 
scaphoid and lunar bones of the carpus. 

The superior extremity or head, is disc-shaped, with a smooth vertical 

^ In anatomical description the forearm is supposed to be placed in supination, with the thumb 
directed outwards and the palm of the hand looking forwards. 

TOL. IX. H 
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margin. It presents on its sammit a depression, which artionlates with the 

capitellnm of the hnmerns, and ie surronnded by a convex part, broadest internal!; 
where it glides npon the groove internal to 
the .capitellnm. The smooth, short, cjlin- 
drical surface of the vertical margin, likewise 
broadest internally, rotates in the small sig- 
moid cavity of the nina, and within the 
orbicular ligament. The head is supported 
on a constricted portion, named the nerk. 

The Bliait or liodr is larger below than 
above, and slightly curved, with the convexity 
directed outwards and backwards. On its 
antero-int«rnal aspect superiorly, where it is 
V V Ml continuous with the neck, ie the bieipital 

■■ ■ "' titberosity, to the posterior rongh portion of 

which is attached the tendon of the biceps 
muscle. Below the bicipital tuberosity the 
shaft has three surfaces, of which the external 
is only indistinctly marked off from the others 
by smooth, rounded anterior and jtosterior 
horders, while the anterior and posterior EUr- 
faces are separated in their middle three- 
fifths "by a sharp, prominent infernal border 
which gives attachment to the interosseous 
membrane. The anterior sur/aee is limited 
above by the prominent anterior oblique line, 
running from the lower part of the. tube- 
rosity downwards and outwards to form the 
jMT - anterior border, and giving origin to a part 

/ ir^J i of the flexor snblimis digifcorum ; below this 

*' the surface is grooved longitudinally for the 

flexor longus pollicis muscle ; and at the 
lower end it is expanded, and presents a 
flattened impression for the insertion of the 
pronator quadratus, which also occupies a 
small triangular surface on the inner side of 
the bone in its lower fifth : above the middle 
of the anterior surface is the foramen for the 
medullary artery, directed upwards into the 
bone. The posterior surface is marked at the 
junction of its upper and middle thirds by 
the posterior obliqtK line, which limits supe- 
riorly the impression of the extensor ossis 
metacarpi pollicis ; below this is another 
small oblique impression for the extensor 
Iirevis pollicis. The e-fternal surface is convex 
transversely as well as longitudinally, and is 
marked near the middle, at its most prominent 
part, by a rough impression for the insertion 

of the pronator teres. Above this, the area between the anterior and posterior 

oblique lines gives insertion to the supinator brevis. 

The lower •Jrtremity of the radius, broad and thick, presents inferiorly a 

large surface which articulates with the carpus, and internally a small one which 
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articnlates with the ulna. The carpal arlktdar surface, coDcave and oblique, is 
divided by a line into a qnadrilateral internal part which articulates with the lunar 
bone, and a triangnlar external part which articulates with the scaphoid bone. The 
ulnar arlieular surface is placed at a righD angle with the inferior surface, and is 
ooncare from before backwards, forming the tigmoid cavity, which plays over the 
rounded head of the ulna. To the smooth border between the radial and ulnar 
articnlar surfaces the base of the triangular fibro-cartil^e is attached. At the outer 
part of the inferior eitremitj the styloid process projects downwards, atont and 
pyramidal, gidng attachment to the external lateral ligament of the wrist-joint. 
The posterior border of the lower articular surface descencU farther than the anterior, 
Emd is roughened for ligamentous attachment. Anteriorly, a prominent transverse 
ridge forms the lower limit of the impression of the pronator qnadratus, and between 
this and the scaphoid articular facet is a small triangalar area occupied hy a strong 
part of the anterior ligament of the wrist-joint. On its external and posterior 
aspects the inferior extremity of the radius is marked by grooves, which transmit 
the extensor tendons. Thus, on the external border is a flat groove directed down- 
wards and forwards, which lodges the 

extensor ossis metacarpi and extensor ■•T.w—.mi. 

brevis poUicis ; and on the posterior ■„ .=— d*.i.nd \ / ,„,«,™.Bm. 

surface are three grooves, the middle ,. ...... o.=. \ J^ / 

oneofwhicb,obliqneandnarrow,and i„e«., ^lh, \ jh i i i I^ ^i( ■■'""•■"■"•■ 

bounded externally by a prominent i^-^j^W^^^TtB^^ 

tubercle, lodges the extensor longns "■' "VU^ I 1 fBBW\~'""'''"^' 

pollicis ; while of the two others, ^V-^ i f^^^^^ 

which are broad and shallow, the \j^^ ', '' '" """" 

external, subdivided by a slight ele- '..,- .J... >r,._^.f 

vation, gives passage to the extensor „. „. , 

■ ,■,., °. , , Fig. 08.— LoWBE EXTHIMItISS OF «IOHT EADIDfl AMD 

carpi radians longior and brovior, ui,^^, i, sdpihition, moK isi-oir. (Dnwn bj 

and the intenial transmits the ex- T. W. P. i«irrence.) j 

tensor communis digitorum and l^e datsal surface Ie uppenuMt. 

extensor indicis. Immediately above 

the first mentioned groove on the outer side is a small triat^ular mark, into which 

the tendon of the supinator longns is inserted. 

The outermost trrooTe ia Hep^u&tal anteriorly from the impreBsion of tlie pronator qdndj^Cus 
b; a promiaeiit ed(;e which is continued upwards from the transverBo ridge oF the front of 
the lower eitremitj, and to which the posterior annular litiament iii attached, while posteriorly 
It is limited bj a leas marked elevation desuendini; on the bock of the styloid procexs. The 
^oove of the extensor Inngus pollicis is bounded externally by the tubercle, intemally by a 
email, often indistinct, rid^e ; and a sharp border projects between the innermost i;roove and 
the sitrmoid oavity. The several prominences i;ive attachment to fibrous septA, which with 
the annular lij^'ament convert the grooves into canalit for the passage of the tendons. 

The radius is for the most part deeply placed. The head and shaft are entirely 
covered by mnscles. At the lower end the styloid process comes to the surface 
between the tendons of the extensor muscles of the thumb and forms a projection on 
. the outer side-of the wrist, lower down than the styloid process of the ulna : the 
tubercle on the hack of the lower end of the bnne may also be readily felt beneath 
the skin. 

The relative length of the forearm to the arn» is eipreased by the liumero-radial ot anli- 

brachial iudrj-O^^*-^ "^ '^''"' '^. ^'^\ the range of variation of which in man and the 

V len^rth of humerus / 
Knthropoid apes is shown by the following examples, viz, •—Eskimo, 71 ; European, 
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TUB CABFUB. 

The carpus is composed of eight short bones, which are dispoaed in two rows, 
four in each. Enamerated from the radial to the ninar side, the bones which con- 
stitate the first or superior row are named teaphoid, lunar, p^amidal, and pisiform ; 
those of the second or inferior row are the trapezium, irapezoid, os magnum, and 
uadfoTM. 

The dorsal surface of the carpng is convex, the palmar is concave from side to 
Bide, ^le concavity being bounded \>j four prominences, one at the outer and one at 





Fig. ee.— TbI BOKIB or THK HIOBT BAND: A, rBOH 

a, Kspboid ; /, lanar ; c, pyramidal ; p, pisiform ; t, trapeiiom ; next to it the trapeioid, and then 
the OS magpum, both not lettered ; u, unciform. 

I to V, tte metiurpol bane* ; I, 3, first and second pbalaages of the thumb ; 1, 2, S, the irA. 
Koond, and third phalange* of the little linger, and similarly fur the othci three fingere, not markeil : 
* one of the lesamaid bones of the thumb seen sideways. 

the inner extremity of each row. The anterior annular ligament is stretched across 
between these prominences, so far as to form a canal for the transmission of the 
flexor tendons. 

The superior surfaces of the scaphoid, lunar, and pyramidal bones form, when in 
apposition, a continuous convexity whicii oorrcsponda with the concavity presented 

^ ~ Fig. 100,— Seici-duo[i«ms,atio view or thr Biaat cafpm 




[Allea Thomson.) I 

1, scaphoid bone ; 2, lunar ; 3, pyramiilal ; 4. pisifon 
5, tiapeiiuni, the figure is placed upon tha ridge, to t 

inside of which is tlic groove ' ' 

carpi radialis: 6, tni]ieii>id; 



by the radius and the triangular fibro-cartilage, while the pisiform bone is attached 
in front of the pyramidal, with which alone it articulates. The line of articulation 
between the superior and inferior rows is coDcavo-convex from side to side, the 



surface, which looks 




Fig. 101.— RlOHT BCIPBOID B 



1I8IDS. (O. D. T.) 



THE CARPUS. 101 

trapeziam, trapezoid and 09 maganm bonndiag a cavity which lodges the eztemal part 
of the scaphoid, and the os magnum and unciform rising np in a convexity, wbidi is 
received into a hoUow formed by the scaphoid, lunar, and pyramidal bones. 

The lo&plioid boa*, the largest and most external of the first row, lies with its 
long axis directed outwards and dovrnwards- 
downwards and inwards, and 
rticalates with the os magnum ; 
on the opposite side are two 
convex articular snrfaces, an 
upper for the radius, and a 
lower for the trapezium and 
trapezoid bones of the second 
row ; these ajlproach so near to 
one another behind, that the 
dorsal free surface is reduced to 
a narrow grooved -transverse 
strip, to which the posterior liga- 
ments of the wrist are attached. At the inner extremity is a small creecentic 
surface for articulation with the lunar bone ; while the outer end is produced 
into a Btont conical tuherosity, which projects forwards and gives attachment to the 
annular ligament. The scaphoid articulates with five bones, viz., the radius, luoar, 
trapezium, trapezoid, and os magnum. 

The liuutr bone (semilunar), irregularly cubic, is characterized by the deep 
concavity from before backwards of its inferior snrfece, which rests on the head of 
the OS magnnm, and commonly also by a bevelled edge 
slightly on the unciform bone. Its eztemal anrface is 
crescentic and vertical, and articulates with the scaphoid 
bone : its internal surface looks downwards and inwards, 
is much deeper and narrower than the external, and 
articulates with the pyramidal. The convex superior 
enrfaee, which articulates with the radius, extends like 
that of the scaphoid farther backwards than forwards, 
and hence the anterior free surface is deeper than 
the posterior. The lunar articolates with five bones, 
viz., the radius, scaphoid^ pyramidal, oe magnnm, and 
unciform. 

The pTnunidal bone {funeiform) is situated with 
its blunted apex directed downwards and inwards : the 
base has the shape of a half-oval, and articulates 
with the lunar hone. There are three suiTaces ; the 
inferior, concavo-convex from without inwards, articu- 
lates with the unciform bone ; the anterior is dis* 
tinguished by having a smooth circular facet on its 
inner half for articulation with the pisiform bone ; and 
the snpero-postcrior presents at the base a small articular 
facet entering the wrist-joiiit, but is for the most part 
rough for the attachment of ligaments. The pyramidal 
articulates with three bones, viz., the lunar, pisiform, and 
unciform. 

The piirifonn bone lies on a plane anterior to the 
other bones of the carpus. In form it is spheroidal, with 
its longest diameter directed vertically. On its posterior 
aspect is an oval articubr surface for the pyramidal 
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ODIBH SIDI. (Q. D. T.) 



Fig. 101.— RiaaT 



102 



THE BONES OF THE UPPER LIMB. 




boDe : this sar&ce does Dot extend the vfaole length of the pisiform bone, but 
leaves a Bmall fTee projecting portion below. The inner side of the bone is 
generally convex and somewhat rough. The oater Bide is smoother and slight); 
concave. 

The trapenom la the BlOBt external of the second row of carpal bones. It 
presents a rhombic form whfn seen in its dorsal or palmar aspect, but with the 
lower angle much product and truncated. Its anterior eurface is marked by a 
vertical groove travereed by the tendon of the flexor carpi i-adialis muscle, and 
externally to the groove by a ridge or tuberosity, one of 
the four prominences which give attachment to the an- 
terior annnlar ligament. Of the internal eides of the 
rhomb, the superior articulates with the scaphoid and 
tlie inferior with the trapezoid ; while a small facet 
on the prominent lower angle is for the second meta- 
carpal bone. Of the external sides, the superior is free, 
and the inferior presents a smooth surfece, convex from 
behind forwards, and concave from without inwards, 
which articulates with the metacarpal hone of the thumb, 
and is separated by a smalt interval from the sur&ce 
for the second metacarpal bone. The trapezium artico- 
lates with four bones, viz., the scaphoid, trapesoid, 
and first and second metacarpals. 

The trapesoid bone is considerably smaller than 
the trapezium. Its longest diameter is from before 
backwards. Its posterior free surface is much larger 
than the anterior. The estemal inferior angle of the 
anterior surface is distingnished by being prolonged a 
little backwards between the articular surfaces for the 
trapezium aud second metacarpal bone. The superior 
surfiice articulates with the scaphoid ; the estemal with 
the trapezium ; the internal with the o3 maganni ; 
and the inferior by a large surface convex from side to 
side with the second metacarpal bone. The trapezoid articulates with four bones, 
viz., the scaphoid, trapezinm, os magnum, and sccoud metecarpal bone. 

The oi magnnm is the largest of the carpal bones. In form it is elongated 
vertically, nearly rectangular below, rounded above- The upper extremity or head 
articulates superiorly with the lunar 
bone by a convex surface, extending 
farther down behind than in front, 
and prolonged on the outer side for 
the scaphoid. A neek is formed 
beneath by depressions on the an- 
terior and posterior surfaces. The 
anterior surface of the bone is much 
narrower than the posterior. The 
posterior surface projecte downwards 
at its internal inferior angle. On 
the outer side, below the sar&ce 
for the scaphoid, is a short surface 
for the trapezoid bone ; and on the 
inner side is a vertically elongated surface which articulates with the unciform bone. 
Inferiorly, this bone articulates by three distinct surfaces, of which the middle is 
much the lai^est, with the second, third, and fourth metacarpal bones. The os 




Fig. ]06.— RiOHT 
(O. D.' T.) 





Pig. 107.— RwHT 0. 



(G, D. T.) 



THE METACARPUS. 103 

magnum articulates with seven bones, viz., the scaphoid, lunar, trapezoid, unciform, 
and second, third, and fourth metacarpal bones. 

The unciform boniB is readily distinguished by the large hook-like process, 
projecting forwards and curved slightly outwards, on 
its anterior surface. Seen from the front or behind, 
it has a triangular form. Its external surface is 
yertical, and articulates with the os magnum ; its 
inferior surface is divided into two facets which 
articulate with the fourth and fifth metacarpal m v!K»ir''^^f' r^^tr.v 

bones ; its superior surface, meeting the pyramidal, 

is concavo-convex, inclines upwards and outwards 

towards the head of the os magnum, and is separated 

internally by a rough border from the inferior surface. *^onk, fr^ the^^outkr^sim 

At the upper angle, externally, there is usually a and below. (G. d. t.) 

narrow facet which touches the lunar bone. The 

unciform articulates with five bones, viz., the os magnum, lunar, pyramidal, and 

fourth and fifth metacarpal bones. 




MAC 



Varieties. — An i&crease in the number of carpal bones is occaBionally met with. This 
may arise from the division of one of the normal bones, as has been seen in the case of the 
scaphoid, lunar, trapezMd, and magnum ; or it may be due to the persistence of an additional 
element, the os centra le^ which is placed on the dorsal aspect of the hand between the scaphoid, 
magnum and trapezoid, and which is normally present as a cartilaginous rudiment in the 
foetus (p. 143). Another form of supernumerary ossicle results from the separation of the 
styloid process of the third metacarpal bone. (W. Gruber, " Ueber das Os centrale Carpi des 
Menschen," 1883 ; Leboucq, ^' De Taugmentation num^rique des os du carpe humain/' Ann. 
de la Soc. de M^. de Gand, 1884.) 



THX MSTAOABPUE. 

The metaoarpusy the part of the hand supporting the fingers, consists of five 
long bones, which diverge slightly from each other, and are numbered from 
without inwards. 

The metacarpal bones are placed in a segment of an arch transversely, and being 
at the same time slightly curved longitudinally, they present a concavity directed 
forwards. They are terminated at their cai'pal extremities by expanded bases of 
different forms, and at the digital ends by large rounded heads. The first meta- 
carpal bone is broader and shorter than the others. The second is the longest of 
all, the third, fourth, and fifth decrease regularly in length, according to their 
position from without inwards. 

The shaft of the first metacarpal bone is somewhat compressed from before 
backwards ; the dorsal surface is slightly convex ; on the palmar aspect is a rounded 
longitudinal ridge, placed nearer to the inner than the outer border. The shafts of 
the others are three-sided, presenting a surface towards the back of the hand, and 
towards the palm a smooth margin between the two lateral surfaces. They are most 
slender near the carpal extremity, and become gradually thicker towards the head. 
The dorsal surface of each is triangular, being bounded by lines which, proceeding 
from the sides of the head, pass upwards and converge in the second, third, and 
fourth metacarpal bones opposite the middle of the carpal extremity, and in the fifth 
towards its inner side. 

The hmds articulate with the proximal phalanges. Their smooth, rounded 
surfaces are broader, and extend farther, on the palmar than on the dorsal aspect 
of the bones ; and on each side is a tubercle with a hollow below it for the attach- 
ment of the lateral ligament. 
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The carpal extremity preaenta distinctive pecnliarities in each metaoarpal bone. 
That of the firet has a saddle-shaped articular gnrface, concave from before back- 
varda, and convex from side to side, for articulation with the trapezium, and 




Fig. 112.^ — FoVBtH 
(O. D. T. 

externally a alight prominence, to which the extensor ossis metacarpi poHicis ia 
attached. The second ia notched to receive the trapezoid hone ; on the 
radial aide is a email facet for the trapezium ; the more prominent ulnar lip 
articulates superiorly by a narrow surface with the ob mapinra, and internally with 
the third metacarpal bone ; and posteriorly, close to the artiunlation with the 
trapezinm, is a rounded mark where the extensor carpi radialis longior ia insetted. 
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The third bone articnlateB above vith the ob magnum, and ou the sides with the 
contigaoQB metacarpal bonea ; at its poetertor and ont«r angle it forma a projection 
npwardB, ityloid process, immediately below which, on the dorsal aspect, is an im- 
pression for the insertion of the extensor carpi radialis brerior. The foorth ■ 
articnlatee principally with the nnctform bone above, but alao by a small facet at 
the posterior and outer comer with the os magnnm : on its radial side are two 
Email ronnded facets, and on the ulnar side a slightly concave semi-elliptical surface, 
for articulation with the adjacent metacarpal bones. The fifth articulates above 
with the nnciform bone by means of a saddle-shaped surface directed slightly 
outwards, and externally with the fourth metacarpal bone ; 
while on it« ulnar side there is a broad tuberosity for the 
insertion of the eitensor carpi ulnaris. 



THB SiaiTAIi FEAI.AltQXa 

The pluUanges (intemodia) are fonrtecn in number, three 
for each finger, but only two for the thumb. 

Those of the first row are slightly curved like the meta- 
carpal bones. Their dorsal surfaces are smooth and transversely 
convei ; the palmar are flat from side to side, and bounded by 
rough margins, which give insertion to the fibrous sheaths of 
the flexor tendons. Their proximal extremities are thick, and 
articulate each by a transversely oval concave surface with 
the corresponding metacarpal bone. Their distal extremities, 
smaller and more compressed antero-posteriorly, are divided by 
a shallow groove into two condyles. 

Those of the middle row are four in number. Smaller 
than those of the preceding set, they resemble them in form, 
with this difference, that their proximal extremities present, on 
the articular surface, a slight middle elevation and two lateral 
depressions, adapted to articulate with the condyles of the first 
phalanges. JtK^^k 

The terminal or ungual phalanges, five in number, have ^^^^ 

proximal extremities similar to those of the middle row, but with l^f 

a depression in front, where the deep flexor tendon is inserted. g^A 

They taper towards their somewhat flattened and expanded free %^J 

extremities, which are rough and raised round the margins and 
upon the palmar aspect in the so-called ungual process. •''!■ in— Tai mi- 

In each digfit the proiimal phalanx is the longest, and the distal DLK»i»OBB;p*Li(iK 

phalam the shortest. Collectively, the phalimfies of the middle finger ^"i^- (W. !>■ T.) 

are the laagest; then follow in order, the noe, the index, and the 

little fingers, and lastly the thumb. The );rreater prominence of the index in relation to Uie 
ring Bnger, which is ohseiTed BometimeH in the complete bond, is dne entirely to the length 
of the metacarpal bone (Braune and Fischer, Arch. f. Anat., 1H87). 

Sesauoid bones. — A pair of sesamoid bones is placed in the palmar wall of the 
metacarpo-phalaugeal articulation of the thumb ; and similar nodules, single or 
double, are sometimes found in the corresponding joint of one or more of the other 
fingers, most freijuently of the index and little fingers. 
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OSSIFICATION OF THX BONXS OF THID UPPXB I<IMB. 

With the exception of the clavicle, all the bones of the upper limb begin to oesif j in 
cartilage 

The clavicle begins to ossify before any other bone in the body. Its ossification com- 
mences before the deposition of cartilage in connection with it, but afterwards progresses in 
cartilage at both ends, as well as in fibrous substance. It is formed from one principal 

Fig. 115. — Ossification of thb clayicls. (R. Qualn.) 

a, tlie clavicie of a foetus at birth, o&seous in the shaft, 1, 
and cartilagincuB at both cnJs. 

b, clavicle of a man of about twenty-three years of age; 
the shaft, 1, fully ossified at the acromial end; the sternal 
epi} hysis, 2, is represented rather thicker than natural. 

centre, appearing about the 6th week, to which is added an epiphysis at the sternal end. 
The epiphysis appears .from the 18th to the 20th year, and is united to the shaft about the 
25th year. 

The scapula is ossified in two principal pieces, one forming the body or scapula proper, and 
the other the coraooid process, which is generally regarded as representing the independent 





1 year. 15 cr 16 years. 17 or 18 years 22 years. 

Fig. 116. — OsjiFicATioN OF THK SCAPULA. (R. Quain.) 

1, scapula proper, including the body and spine; 2, coracoid ossification; 3, 5, nuclei of acromion ; 
4, epiphysis at the lower angle ; 6, epiphysis on vertebral border. 

In A, ossification has commenced in the coracoid process. In B the coracoid process (represented as 
too little ossified in the figure) is now partially united at its base, and centres have appeared in the 
acromion and at the lower angle. In C, a second point has appeared in the acromion, and a long 
epiphysis on the vertebral border. In D, the acromion, and the epiphysis of the vertebral border are 
still separate. 

and often largely developed coraroid bone of the monotremata and lower vertebrates. The 
centre of the body appears near. the head, about the 7th or 8th week, and gives rise to a 
triangular plate of bone, towards the upper margin of which, about the 3rd month, the spine 
appears as a slight ridge. At birth, the coracoid and acromion processes, the base and inferior 
angle, the edges of the spine and of the glenoid cavity are cartilaginous. The greater part of 
the coracoid process is formed from a centre which appears in the first year, but a small part 
at the base of the process, including the upper extremity of the glenoid cavity, is a separate 
ossification (9ubcoraeoitf)^ commencing about the tenth year.^ The coracoid process joins the 
body about the age of puberty, and at this time epiphyses make their appearance. In the 
acromion two, sometimes three, nuclei appear between the 14th and 16th years; they soon 
coalesce, and the resulting epiphysis is united to the spine from the 22nd to the 2oth year. 
The cartilage of the base, which it may be noticed corresponds to a more largely developed 

1 It is believed by some anatomists that the subcoracoid ossification is the true corACoid element of 
the shoulder-girdle, and that the coracoid process represents the preooracoid of reptiles (Sabatier) or the 
epicoracoid of monotremes (Howes). 
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permanent cartQage or bone, suprascapular, found in many animals, becomes the seat of 
ooBification about the 16th to the 18th year, by the appearance of a nucleus at the inferior 
angle, and thereafter of a line of osseous deposit extending upwards throughout its length. A 



Fig. 117. — Posterior Aspscr or the sternum 

AND RIQHT SHOULDKR-OIRDLE FROM A 

fotds op about four MONTHS. (Flower 
after Parker.) H 

The dotted parts are cartilaginous; ost, 
omostemum of Parker, lateral part of epi- 
atemum of Ckgenbaur, afterwards becoming 
the interarticular fibro* cartilage ; pe^ pre- 
coracoid of Parker ; «, acromion ; d, shaft 
of clavicle ; msSf mesoscapular segment of 
Parker ; c, coracoid ; gc, glenoid cavity ; gb^ 
glenoid border ; cb, coracoid border ; a/, 
anterior or supraspinous fossa ; p/j posterior 
or infraspinous fossa ; ss, suprascapular 
border. 




thin lamina, in two pieces, is also added along the upper surface of the coracoid process, and 
another at the margin of the glenoid cavity. These epiphyses are united about the 25th year. 
In the humerus a nucleus appears near the middle of the shaft in the 8th week. It 
gradually extends, until at birth only the ends of the bone are cartilaginous. In the 1st 
year the nucleus of the head appears, and during the 3rd year that for the great tuberosity. 









•: 





Fig. 118. — Ossification of the humerus. (R. Quain.) 

A, from a full-grown foetus ; B, in the second year ; G, at three years ; D, at th3 Mjh year ; E, at 
about the twelfth year ; F, at the ago of puberty. 

1, the primary centre for the shaft ; 2, nucleus for the head ; 3, that for the great tuberosity ; 4, 
for the capitellum and adjacent part of the trochlea ; 5, for the internal condyle ; 6, for the inner part 
of the trochlea ; 7, for the extsrnal condyle. In this and the following figures the more advanced 
bones are shown on a smaller scale than the earlier ones. 



The lesser tuberosity is either ossified from a distinct nucleus which appears in the 5th year, 
or by extension of ossification from the great tuberosity. Thesa nuclei join together about 
the 6th year to form an epiphysis, which is not united to the shaft till the 20th year. In 
the cartilage of the lower end of the bone four separate nuclei are seen, the first appearing 
in the capitellum in the 3rd year. The nucleus of the internal condyle appears in the 5th 
year, that of the trochlea in the 11th or 12th year, and that of the external condyle in the 
13th or 14th year. The nucleus of the internal condyle forms a distinct epiphysis which 
unites with the shaft in the 18th year ; the other three nuclei coalesce to form an epiphysis, 
which is united to the shaft in the ICth or 17th year. 

The radioa is developed from a nucleus which appears in the middle of the shaft in the 8th 
week, and from an epiphysial nucleus in each extremity which only appears some time after 
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birth. The nuoleuB in the carpal extremity appears at the end of the 2nd year, while that of 
the head is not seen till the 5th or 6th year, l^e snperior epiphysis and shaft unite about the 
17 th or 18th year ; the inferior epiphysis and shaft unite about the 20th year. 



Fig. 119. — OssiFiOATioH or tbx 
RADIUS. (R. Quain.) 

A, the radius of a fall-grown 
foetu4 ; B, at about two years of age ; 
C, at five years ; D, at about eighteen 
years. 

1, shaft ; 2, ossific point of the 
lower epiphysis ; 3, that of the upper 
end. In D, the upper epiphysis is 
united to the shaft^ while the lower 
is still sei>arate. 





W.' 







The ulna is ossified similarly 

to the radius, but begrins a little 

later. The nucleus of the shaft 

appears about the 8th week, 

that of the carpal extremity 

in the 4th or 6th year. The 

upper extremity grows mainly 

from the shaft, but at the end 

of the olecranon a small epiphysis is formed from a nucleus which appears in the 10th 

year. This epiphysis is united to the shaft about the 17th year ; the inferior epiphysis about 

the 20th year. 

From what is stated above it appears that in the bones of the arm and forearm the 
epiphyses which meet at the elbow-joint begin to ossify later, and unite with their shafts 
earlier, than those at the opposite ends of the bones, whereas in the bones of the thigh and leg 

Fig. 120. — OssiPicATioH or thi 
ULNA. (R. Quain.) 

A, the ulna at birth ; B. at the 
end of the fourth year ; G. of a 
boy of about twelve years of age ; 
D, of a male of about nineteen 
or twenty years. 

1, shaft; 2, nucleus of the lower 
epiphysis ; 3, nucleus of the 
upper epiphysis. In D, the 
upper epiphysis is united to 
the shaft, while the lower is still 
1 I j|| I I separate. 

the epiphyses at the knee-joint 
are the soonest to ossify (except 
in the fibula) and the latest to 
unite with their shafts. In 
the bones of the arm and fore- 
arm the arterial foramina are 
directed towards the elbow; 
in those of the thigh and leg 
they are directed away from the knee. Thus, in each bone the epiphysis of the extremity 
towards which the canal of the medullary artery is directed is the first to be united to 
the shaft. It is found also that, while the elongation of the long bones is chiefly the result 
of addition to the shaft at the epiphysial synchondroses, the growth takes place more rapidly, 
and is continued longer, at the end where the epiphysis is last united ; and the oblique direc- 
tion of the vascular canals is due to this inequality of growth, which causes a shifting of the 
investing periosteum, and so draws the proximal portion of the medullary artery towards the 
more rapidly growing end. 

The carpus is entirely cartilaginous at birth. Each carpal bone is ossified from a single 
nucleus. The nucleus of the os magnum appears in the 1st year ; that of the unciform in 
the 1st or 2nd year ; that of the pyramidal in the 3rd year ; those of the trapezium and the 
lunar bone in the 6th year ; that of the scaphoid in the 6th or 7th year ; that of the 
trapezoid in the 7th or 8th year ; and that of the pisiform in the 12th year. 
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Th« met»a«rpsl bona* and phalRnB«i are nsaally formed each from a priadpal centre for 
tli« shaft and one epiplijBiB. The OBsifioation of the shaft be(ri3U about the 8th or 9tli 
week. In the inner four metacarpal bones the epiphjma it at the distal eitremity, while in 
Uie metacarpal bone of the thumb and in the phalanges it is placed at the proximal extremity. 
In many inBtances, however, there is also a distal epiphysis risible in the first metacarpal bone 
at the age of T or 8 years, and there ore even traces of a proximal epiphysis in the 
wcond metacarpal. In the seal and some other animals there are always two epiphyses 
in these bones. The epiphyses begin to be ossified from the 3rd to the Gth year, and am 
nnited to their respective shafta about the 20th year. The terminal phalanges of the 
digits present the remarkable peculiarity Chat the ossifloation of tlieir shafts commencee at the 
distal extremity, instead of in the middle of their length, as is the case with the other 
phalauires and with the long bones generally (Schafer and Dixey, Proc, Ik^. Soo. xxx, 6G0, 






d, 63). 




Fig. 121,— Ossification 



(H. Quain.) 



A, the conditioQ at birth. The corpua ia entirely cartilaginous. Bach of the metaeaipaJ bones anil 
digital phalange! has its shaft oaaiGeil. 

B, at the end nf the firat year. The os miignum and UDciforoi Iirtb begnn to ossify. 

C, about the third year. Centres of oasiticstion are seen in the pyramidal and in the proiimal 
epiphysis of the first and distal epiphyses of the other four metacarpiil bones, and in tiie proximal 
epiphyses of the lirst row of phalunges. 

D, St the lifth year. Centres hare been farmed in the tntpezinm and later in (he Innar bone, 
and in the epipliysea of the middle and distal phalanges : (the figure does not show them distinctly in 
the middle phalanges j. 

E, at -ibont tbe ninth year. Centres have been formed in the scaphoid and trapezoid bones, and the 
more developed epiphyses of the metacarpal bones and phalanges are shova in the first and second 
digits separately. 

1, OS magnnm ; 3, nnciform ; 3, pyramidal ; 4, lunar ; S, trapeiiuni ; fl, scaphoid ; 7, tntpcioiil ; 
8, metacarp^ bones, the principal pieces ; 8', tour metaearpal epiphyses ; 8', that of the thamb ; 9. 
first phalanges ; 9*, their epiphyses ; 9', that of the thumb ; 10, second phalanges ; 10', epiphysis of 
termini phalanx of thumb ; 11, terminal phalanges of the fingers ; 11*, their epiphysea 
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v.— THE FEIiVTS AND I.OW1SB I.IMB. 

The divisions of the lower limb are the hauDch or hip, thigh, leg, and foot. In 
the haunch is the hip-bone, which enters into the foimation of the pelvis ; in the 
thigh is the femur ; in the leg the tibia and fibula ; and at the knee a large sesamoid 
bone, the patella. The foot is composed of three parts, viz., the tarsus, metatarsus, 
and phalanges. 

THB BIP-BOinB. 

The hip-bone, os coxm^ or innominate bone, with its neighbour of the opposite side 
and the addition of the sacrum and coccyx, forms the pelvis ; it transmits the weight 
of the body to the lower limb. It is constricted in the middle and expanded above 
and below, and is so curved that, while the upper part is nearly vertical, the lower 
part is directed inwards. On the external aspect of the constricted portion is the 
acetabulum^ a cavity which articulates with the femur, and perforating the inferior 
expansion is a large opening, the thyroid or obturator foramen. The superior wider 
part of the bone forms part of the abdominal wall ; the inferior enters into the 
formation of the true pelvis. The hip-bone articulates with its fellow of the opposite 
side, with the sacrum, and with the femur. 

In the description of this bone it is convenient to recognise as distinct the three 
parts of it which are separate in early life, viz., the iliumy os pubis and ischium. 
These three portions meet at the acetabulum, in the formation of which they 
all take part ; and the os pubis and ischium also meet on the inner side of the 
obturator foramen. 

The ilium constitutes the superior expanded portion of the bone, and forms a 
part of the acetabulum by its inferior extremity. Above the acetabulum it is limited 
anteriorly and posteriorly by margins which diverge at right angles one from the 
other, and superiorly by an arched thick border, the crest of the ilium. Viewed from 
above, the crest is curved like the letter /, the fore part being concave inwards, the 
hinder part concave outwards : it is narrow in its middle third, broadened in front 
and behind, and forms a marked projection externally in its anterior third : on it 
may be distinguished extemaj and internal lips and an intermediate ridge. The 
anterior extremity of the crest forms a projection forwards called ih^ anterior superior 
spifie of the ilium, and, separated from it by a concave border, and placed imme- 
diately above the acetabulum, is another eminence called the anterior inferior spine : 
the projecting posterior extremity of the crest forms the posterior superior spine, and 
separated ffom it by a small notch is the posterior inferior spine, below which the 
posterior border of the bone is hollowed out into the ilio'sciatic (or great sciatic) notch. 
'< The external surface"^ or dorsum of the ilium is convex in front, below the prominence 
^ of the crest, and concave behind this. It is traversed by three curved gluteal lines, 
which limit the areas of attachment of the gluteal muscles. The posterior or superior 
gluteal line leaves the iliac crest about one-fourth of its length from the posterior 
superior spine, and curves downwards and forwards towards the hinder part of the 
ilio-sciatic notch : the middle gluteal linehegms in* front at the iliac crest, about one 
inch and a half from its anterior extremity, and arches backwards and downwards 
to the upper margin of the ilio-sciatic notch : the inferior gluteal line, less strongly 
marked than the middle, commences at the anterior border of the ilium, just above 
the anterior inferior spine, and is continued backwards nearly parallel to tiie margin 
of the acetabulum to the fore part of the ilio-sciatic notch. Behind the posterior 
gluteal line is a narrow semilunar surface, the upper portion of which is |;ough and 
gives attachment to the gluteus maximus muscle, while the lower part is smooth and 
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ftee from mnscalar attachment. The sickle-sbaped Bpace between the iliac crest and 
posterior glnteal line above and the middle glateal line betow is occupied by the 
glutens medins ; and the surface between the middle and inferior gluteal lines gives 




Fig. ]22.— HlOBI HIP-BOllE 



(Dm»n 



I J. W. P. lawreiioe.) J 



origin to the ([luteuB minimus. Oc the lowest part of this surface, immediately abore 
the margin of the acetabulum, is a rough elongated mark where the reBected head of 
the rectus femoris is attached. 

The internal surface of the ilium is divided into two parts. The anterior of these 
{iliac surface) is the larger : it is smooth and concave, occupied by the iliacus muscle, 
and is known as the iliac fossa. Inferiorlj, the fossa terminates above the margin of 
the acetabulum, and to the inner side of the anterior inferior iliac spiue, in a groove 
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which lo(^e0 the ilto-psoas muscle as it passes from the abdoQien into the thigh. 
The inner boundary of the groove is formed by an elevation, the tlio pectineai etni- 
runct, nuu-king the place of junction of the pubis and ilmm ^ 




Fig. 123.— Rio HT h 



(D« 



1 by T. W. r. Uwi 



The posterior part {stural sur/acr) is again subdivided, presenting from beloiv up- 
wards — 1, a smooth surface entering into the formation of the true pelvis, and 
continuous with the pelvic surfaces of the pubis and ischium, only a faint line indi- 
cating in the, adult the place of union ; this gives origin to a part of the obturator 
intemuB muscle, and is separated from the iliac fossa by a smooth rounded border, the 
iliac portion of the ilio-pectineal lim ,■ 2, the uneven auricular surface, in the recent 
atate covered with cartilage, for articulation with the sacrum, broad in front, and 
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to theposterior inferior spine behind ; 3, some depressions for the attoch- 
joeterior sacro-iliac ligament ; and 4, a rongh surface reaching np to 

■ liiiitki joition of the iliac crest, and giving origin to parte of the erector and 

Itilidns -|iijie muscles. 

'fh" ill i< I iiBt, g'ives attachment b; itA outer lip to the tensor vagiiis femoris, obUiiana 

i:niii!', iMi UtiesimuB dorai mnsclea, and the glnte^ faepia ; by its middle ridge to the 

omul ol<l.<,'i< ; and b; its inner' lip to the tranaTersalia, qnadrntae Inmboram, and erector 

n.v ir.Lj . . .ind the iliac fasoia. To the anterior superior spine are attached the tensor 

eitemall^, the partorlDB in front, and Fonpart's lit^ament intemallj. The 

spine gives origin to the straight head of the rectns f emoris moicle. Between 

ir^rin of the acetabalum is on impresaion where the ilio-femocal ligament 

^ . I ne. The iliac part of the ilio-pectineol line gives attachment to the iliao and 

.u.Uji 1... I.I and the tendon of the psoas parvus when that mn«cle is present. 




Thu 03 pubis forms the anterior wall of the pelvis, and bounds the thyroid 
foramen in ili' upper half of its extent. At its outer and upper extremity it fonns a 
part ■<{ til :ii I tabulum; at its inner extremity it presents an elongated oval snrfaoe 
which foDiii- rl e articulation with the bone of the opposite aide, the janction being 
.■iilltd till i/'i'/ikysuipvbis. The part which passes downwards and outwards below 
tht' - vmi.ln-i- '.a called the inferior or descending ramus, the upper part is called the 

'■'■"■■•""' inding ramus, and the flat portion between the rami is the hody. The ^ 

ir surface of the body is smooth; the anterior or femoral aiufaceia Z. Uv*^ 
inr the symphysis by the attachments of muscles. At the superior 
t de symphyBia is the angle of the pubis, and extending outwards &om 
I II rior border is the rough^&ic ertst, terminating in the projecting sjmw. 
i-EimuB is thin and flatteaed, and joins the ramus of the ischium. The 
IS becomes prismatic, and increases in thickness as it passes upwards 
kards. Its superior border is the pubic portion of the ilio-peciineal line, a 
continued from the iliac portion of the line downwanis and inwards 
to the pubic 4pine. The triangular surface iu front of this line is covered by 
the pectineus muscle ; it is bounded externally by the ilio-peotineal eminence, 
and below by the prominent obturator creel, which extends from th^ pubic 
spine to the acetabular margin at the anterior extremity of the cotyloid notch. 
Behind the outer part of the crest, on the inferior surface of the ramns, is the 
deep obturator groove, directed from behind forwards and inwards, for the obturator 
vessels and nerve. 

The pubic orest gives origin to the rectus abdominis and pjramidalis mnsolefl. The pubie 
apme serres for tho insertioa of Poapart's ligament ; And for a short distance ontside this 
Oimbemat's ligament and the conjoined tendon of the internal obliqne and transversalia 
mQscle« are fixed to the ilio-peotineal line. Along the front of the pubic portion of the ilio- 
pectineal line the peotinene tnnscle arises, and to the line itself the pnbic portion of the faeoi* 
lata is attached. From the front of the pabis the addactor longns moscle arises in the angle 
between the orest and eymphyais, and below this the adductor brevis and upper part of the 
oddnctor maguui. Intemall; to these the gracilis ia attached to the prominent edge ot 
the Borface, and extemall; the obturator eztemns. Along the margin of the symphyidBl 
surface ia a small rongh area, wliich is occupied by the anterior ligament of the artJonlation, 
and is wider in the female than in the male bone (Cleland). The posterior surface of thepnbii 
gives attochmeat to part of the obturator intemns mnacle ; and above this, where a faint line 
may sometimes be recognized passing obliqnelj from the upper margin of the obturator foramen 
to the lower end of the sjmph^is, the levator ani and obturator and reoto-vesical fasoiie are 
fixed together to the bone, 

.The iaoHinm forms the posterior and inferior part of the hip-bone, and bounds 
the thyroid foramen in the lower half of ite extent. Supciioriy it enters into the 
acetabalum : inferiorly it forms a thick projection, the tuberosity, and this part, 
dithinishing in size, is continued forwards into the ramui. On its posterior border. 
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behind the acetabtdam, a sharp process, the spins, projecting with m inclinalioQ 
iawards, forms the inferior limit of the ilio-teiaUc notch, and is aepuitcd from the 
tnberoeity hy a short interval, the sciatic (or email sciatic) rwkh, agues, tbe smooth 
maifin of which, covered in the recent state with cartilage, the tendoa ot the obta- 
rator intemoa mnscle glides. In front of this, on the external surfoce, a lurinntal 
groove, oconpied by the upper border of the obturator extemns muede, lies between 
the in^ior margin of the aoetabulnm and the tnberosit/. The tnbercntj preMnts 



/^' 



Fi«. 124. 




bfT.W. F. Lawrence.)! 



a rough pyriform surface continaous with the internal mai^n of the ramus, on the 
broader superior portion of which are two impressions placed side by side, the outer 
for the semimembranosus, the inner for the conjoined origins of the biceps and ft mi- 
tendinMus, while the lower part is ridged and gives attachment to the adductor nu^ns 
muscle ; the iriHer border is sharp and prominent where the great sacro-sciatic liga- 
ment is attached ; and along the outer margin is a faint elongated impression mark- 
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ing the place of origin of the quadratus femoris muscle. The ramus of the ischium 
is flattened like the inferior ramus of the pubis, with which it is continuous on the 
inner side of the thyroid foramen. 

The ischial spine pives attachment posteriorly to the small sacro-sciatic ligament, exter- 
nally to the superior gemellus, and internally to the coccygreus and the hinder fibres of 
the leyator ani. The izif erior gemellus arises f r^m the upper margin of the tuberosity, 
below the sciatic notch ; and the inner surface of the isidiium giyei* origin to part of 
the obturator intemus. On the conjoined ischio-pubic rami, immediately above the inner 
margin, in the male bone, is an oval surface to which are attached the cms penis, surrounded 
by the ischio-cavemosus muscle, and more deeply the transversus perinei and constrictor 
urethraB muscles. The smaller and less distinct surface in the f einale gives attachment to the 
cms clitoridis and corresponding muscles. 

The acetabulums or cotyloid cavity^ is a cup-shaped hollow, looking outwards, down- 
wards, and forwards, and surrounded in the greater part of its circumference by an 
elevated margin, which is most prominent at the posterior and upper part ; while at 
the opposite side, close to the obturator foramen, it is deficient, forming the cotyloid 
notch. Its lateral and upper parts present a broad horseshoe-shaped smooth su^ace, 
which articulates with the head of the femur, and in the recent state is coated with 
cartilage ; but the central part of the cup and the region of the notch are depressed below 
th^evel of the articular surface (fossa acetabuli)^ lodge a mass of fat and the inter- 
H^icular ligament, and have no cartilaginous coating. Rather more than two-fifths 
of the acetabulum are formed from the ischium, less than two-fifths from the ilium, 
and the remainder from the pubis. The iliac portion of the articular surface is 
the largest, tHe pubic the smallest : the non-articular surface belongs chiefly to 
the ischium. 

The thyroid or obturator foramen, also celled foramen ovale, is internal and inferior 
to the acetabulum. In the male it is nearly oval, with the long diameter directed 
downwards and backwards ; in the female it is broader and more triangular. In the 
recent state it is closed by a fibrous membrane, except in the neighbourhood of the 
ofroove in its upper margin. 

The crest of the ilium is subcutaneous, and forms the boundary between the 
abdomen and the region df the hip. In front the pubic spine is to be felt through 
the integuments, and lower down the inner margin of the united rami of the ischium 
and pubis can be followed to the ischial tuberosity, dividing the perineum from the 
thigh. The remainder of the bone is thickly covered by muscles. 

The hip-bone varies greatly in thickness at different parts. The strongest portions are 
found along the lines of greatest pressure ; these are, a very thick bar in the ilium between 
the auricular surface and the acetabulum, through which the weight of the body is trans- 
mitted to the thigh-bones, and a second formed by the ischium, ending in the tuberosity, 
which supports the body in the sitting posture. The ilium has also a thick rib running from 
the acetabulum to the most prominent portion of the iliac crest, while the bone between this 
and the auricular surface, corresponding to the deepest part of the iliac fossa, is very thin. 
The floor of the non-articular portion of the acetabulum is also a thin plate of bone, and this, 
as well as the thin part of the ilium, is occasionally perforated. The ^ef vascular foramina 
penetrate the bone where it is thickest, viz., in the iliac fossa near the auricular surface, 
on the pelvic surface of the ilium near the ilio-sciatic notch, on the outer surface of the ilium 
between the inferior gluteal line and the acetabulum, and on the ischium between the 
acetabulum and tuberosity. 

THB FIDLVXB. p 

The hip-bones with the sacrum and coccyx form the pelvis. 

This part of the skeleton may be considered as divided into two parts by a plane 
passing through the sacral promontory, -the ilio-pectineal lines, and the upper border 
of the symphysis pubis. " The circle thus completed constitutes the brim or inlet of 

I 3 
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the lower or Irtu pelvit ; the 
space above it, between the 
iliac fo3sEe, belongs really to 
the abdomen, bat has been 



Fig. 125.— ACHLTH 

Thoniwrn.) i 



(AU«ii 



1, 2, interior eitremLti™ of Uia 
ilUc cresls in front of the greatest 
traoBTene diameter of tha fake 
peliia ; 3, 4, sceUbnU ; 5, G, 
tbjroid foraminm ; 6, lubpabic angle 



Similu-ij placed with that Bhewn 
in the preceding figure, and illnstjrat- 
ing bj comtarinn with it, the pnn- 
^1^ diffoTffaceb betveen tbe male 
•irid feniale pelvu. Tbe nuube^D- 
dicate the eatiie paita a« in tlie f^0 
oeding fignre. 

called the ot)per or /oi« 
pehU. Tbe inferior circnm- 
ference, or ouUet of tbe pelvis, 
presents three lai^ bony 
eminencefl, the coccyx and 
the taberoeities of the iachia. 
Between the tnberoaities <^ 
the iachia in front. is the 
subpubic arch, which bounds 
an angalar spabe extending 
forwards to the Bymphysis, 
and is formed by the inferior 



In Pig. 12S of the female Hlnii 
tb« linea are ahoon in which the dt- 
menaioni of tha pelTu an nmallj 
meMured at the brim. 

a, p, antaro-poaterior or ODDJngate 
diameter ; t, r, taoarena or wideat 
diamstei ; o, b, o, b, abliqae dia- 

rami of the pnbes and the 
rami of the iachia. The in- 
terral between the sacrum 
and Goccyc and the ischiam 
on each side (saero - iciaUe 
notch) iB bridged over in the 
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recent state hj the great sacro sciatio ligaments which therefore aseist in bounding 
the outlet of the pelvis 

Positum of the polna — In the erect attitude of the body with the heek 
in contact and the toea directed oatwards the pelvis is so inchned that the plane (^ 



], sjmphjsig pubis ; 2 promoDtor; of die 
aurnm ; 3, coccyx ; 4, nntenor supenor ipine 
of ilium ; f>, tuberoaitj of iscbium 6 sp ne of 
iscbinm {the tbjroii] foramen b not npresedted ao 
pointed btjiov u it getienll<r ib in fenules) Ibe 
TGitical &nd boriionlal Uata ld the loirer port of 
the figure viU aasisC the e)e id jadg ng of the 
degree of inclination of tha pelru, m ilaBtnted 
bj tbe neit figure. 

the brim of the true pelvia forms an angle 

with the horizontal, which vanes in differ 

ent individuals from 50 to 60 The base 

of the sacmm is then about 3 } inches above 

the upper margin of the tr^physiB pubis 

and the tip of the coccyx from half an 

inch to an inch above the apex of the Bub 

pnbic arch. The inclination of the pelvis 

varies with the position of the lower liuibs, and the angle is generally somewhat 

greater in the female tha^in the male.' The pelvic surface of the sacrum, near its 

base, looks much more downwards than forwards, hence the saomm appears at first 

sight to occupy the position of the keystone of an lurch ; but being in reality broader 




a, i, lin« of incliution of the brim of the tnie 
pelri* ; c, /, A Una incliniog btkckwudi Hid op- 
wudi, toudiing the tower odge of the njmphyni 
pubis uid point of the coccyx ; e, d, axis of the 
brim Rt right itDglea to the pluie ot the brim ; 
d, h, g, cm-red axis of the cavity and outlet. 

at it« pelvic than on its dorsal aspect, it is a 
keystone inverted, or having its broad end 
lowest, and is supported in its place chiefly 
by ligamente, but also to a slight extent 
by the inward projection of the anterior 
margin of the iliac articular surface; The 
line of pressure of the weight of the body 
on the sacrum is directed downwards to- 
wards the symphysis pubis, and the resistance of the head of tbe thigh-bone on each 
side is directed upwards and inwards. 

The qgja of the pe lvis is the name given to a line drawn at right angles to 
the planes oF the bnm, cavity and outlet, through their central poiuts. The 

' Niigele, "Dai wetbliehe Becken," Ac., 1825; Wood, art. "FelTit," in Cjclop. ot Anat and 
fhjK ; a. U. Meyer, Areh. f. Anat., te., ]B6I ; Flint, " Die Haan- und Neigon^-VgihttltuiaM dee 
Beckeu," 1S7E. 
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posterior wall, formed by the sacrum and coccyx, being about five inches long 
and concave, while the anterior wall at the symphysis pubis is only one and a half 
or two inches long, the axis is curved ; it is directed at the inlet upwards and 
forwards towards the umbilicus, and at the outlet downwards and a little backwards 
or forwards according to the level of the coccyx. 

Differences according to sex. — The size and form of the pelvis diJOTer 
markedly in the two sexes. In the female the constituent bones are more slender 
and the muscular impressions less marked ; the height is less, and the breadth and 
capacity of the true pelvis greater ; the ilia however are more vertical, and thus 
the false pelvis is relatively narrower than in the male ; the inlet of the true pelvi& is 
more rpgrdarly oval, the sacral] promontory projecting less into it ; the sacrum is 
flatter and broader ^ the depth of the symphysis pubis is less ; the subpubic arch 
is much wider, and the space between the tuberosities of the ischia greater. 

The average dimensions of the pelvis, as measured in a number of full-sized 
males and females, may be stated as follow, in inches : — 



Male. 



Greatest distance between the crests of the ilia 
externally f , 

Distance between the anterior superior spines of 
the ilia . . . . 

Distance between the front of the eymphysis 
pnbis and the first sacral spine . 

Teue Pelvis. 



9i 
7i 



Fkxalb. 

11 
H 

7 



Brim. Cavity. 1 Outlet, i Brim, i Cavity. Outlet. 



Transverse diameter 5 

Oblique diameter 4^ 

Antero-posterior diameter 4 



4i 

H 



H 

4 

H 






5 
5 
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The human pelvis, compared with that of the lower animals, is characterised by its shallow- 
ness and breadth, and by the grreat capacity of the true pelvis ; by the expansion of the ilia, 
the length and sigmoid curve of their crests, the massiveness and straightness of the ischial 
tuberosities, and tiie shortness of the symphysis. Similar, although much slighter, variationtt 
in the form of the pelvis are to be recognized in the different races of mankind, the most 
important of which is in the relation of the antero-posterior to the transverse diameter, and 
is expressed by what is termed the pelvic index. This is measured at the pelvic brim : the 
transverse diameter is taken as the standard = 100, and the proportion of the antero-posterior 
diameter to this gives the index. For this purpose the pelves of the two sexes must necessarily 
be grouped separately, and the male is usually selected for comparison. The foUowing 
examples of the average pelvic index in the male of four races wiU show the range of varia- 
tion: — European, 80; Negro, 93 ; Australian, 97 ; Andamanese, 99. .Pelves with an index 
above 95 are doUcliopelliCy from 95 to 90 me^atipellic^ and below 90 platt/peUir (Turner). 
(Yemeau, " Le bassin dans les sexes et dans les races," 1875; Garson, Joum. Anat., xvi ; 
Turner, Joum. Anat., xx, and ** Challenger *' Beports, 2^1ogy, xvi.) ' 



THX FXMUIU 

The femur or thigh-bone, situated between the hip-bone and the tibia, is the 
largest and longest bone of the skeleton. In the erect position of the body it 
inclines inwards and slightly backwards as it descends, so as to approach inferiorly 
its fellow of the opposite side, and to have its upper end a little in advance of the 
lower. It is divisible into the superior extremity, including the head and neck and 
two eminences called trochanters ; the shaft ; and the inferior extremity ^ expanded 
into an external and an internal cmidyle. 

At the superior extremity of the bone, the necic extends inwards, upwards, 

' This diameter may be increased to the extent of one inch or more by movement of the coccyx. 
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and slightly forwards, being 
set upon the shaft at an angle 
of about 125°. The neck is 
expanded from above down at 
its baae, where it meets theshaft 
obliquely, but compressed from 
. before back, bo that the vertical 
diameter greatly exceeds the 
antero-poeterior ; the summit 
becomes more rounded, and is 
somewhat enlarged again as it 
joins the bead. It is shorter 
above and in front than below 
and behind. On its posterior 
surface there may usually be 
recognized a shallow horizontal 
groove, in which the tendon of 
the obturator extemus lies. 
The head forms more than half 
a sphere, and is covered with 
cartilage in the firesh state. 
Behind and below its central 
point is a small oval depression, 
the fore part of which gives 
attachment to the interarti- 
cnlar ligament of the hip- joint. 
In the hollow there are often 
one or two small vascular 
foramina. 

The ffreat irochanler is a 
thick truncated process prO' 
longed upwards in a line with 
the external surface of the 
shaft. In front it is marked 
by the insertion of the gluteus 
minimus. Externally an ob- 
hque line directed downwards 
and forwards iudicates the in- 
ferior border of the insertion 
of the gluteus medioB muscle ; 
and lower down the surface is 
bounded by a horizontal line, 
which is continued upwards on 
the front of the trochanter to 
an eminence at the junction 
with the neck, the tubercle 
of the femur ; this line marks 
the upper limit of the vaatos 
extemus. Internally at its 
base, and rather behind the 
neck, is the troehanlerie or 
digital fotsa, which gives at- 
tachment to the obturator 
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Fig. 1 



eztercDB muscle, while cloee above and in front of this ie the impreflsion of the 
obtnratOT iDtemos and ^melli moscles. The upper border of the great trochanter 
is narrow, and presents an oval mark for the insertion of the pyriformU. The 
posterior border is prominent, 
and continued into a strong 
rounded elevation, the inier- 
trochanleric ndga or posterior 
intertrochaniffric line, which passes 
downwards and inwards to the 
small trochanter, and limits the 
neck posteriorly : above the 
centre the ridge is thickened, 
marking the attachment of the 
upper part of the qoadratns fe- 
moris ; the enlargement is termed 
the tuberels of the quadrata». 

The small trochanter, a pjra- 
midal eminence, projects- from 
the posterior and ihner aspect of 
the bone at the junction of the 
neck with the sh^ ; its rounded 
aununit gives attachment to the 
tendon of the ilio-psoaa mnacle. 
The neck is separated from the 
shaft anteriorly by the anterior 
mierlrec/uinttric Une, or upper 
part of the spval line, a broad 
rough line commencing at the 
tubercle of the femur and di- 
rected obliquely downwards and 
inwards a finger's breadth in 
front of the small trochanter ; 
it indicates the attachment of 
the thick anterior portion of the 
capsular ligament of the hip- 
joint and, the upper border of 
the united crureus and vastus in- 
tern us muscles. 

The wbmitt is arched from 
above downwards, with the con- 
vexity forwards. It is somewhat 
narrowed in the imiddle third, 
and becomes considerably ex- 
panded below. Towards the centre 
it is nearly cylindrical, but with a 
tendency to the prismatic form, due to the projection of the linea aspera behind, and 
a slight flattening of the surface in front ; so that it may conveniently be regarded as 
presenting an anterior and two lateral surfaces, although definite lines separating 
the surfaces do not exist. AU three sur&ces, smooth and uniform, are covered by 
the orureus and vasti muscles. The lateral surfaces in the middle of theii> extent 
approach one another behind, being only separated hj the linea aspera. The linaa 
altera is a prominent ric^e, extending along the central third of the shaft 
posteriorly, and bifurcating above and below. It presents two sharp mai^gina or 
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lips sepantbed bj a narrow interval. The external lip is prolonged up to the great 
trochanter, and in its conrge is strongl; marked for abont three inches where the 
glntenB maximus is attached, constituting the gluteal ridfft. The internal lip is 
continued, winding in front of the small trochanter, to the anterior intertrochanteric 
line, and forms the lower part of the spiral litis; it marks the attachment of the 
Taatnn ioternns. In the interval between the two diverging branches of the linea 
aspera a less distinct line, which gives attachment to the pectineus, is seen passing 
to the small trochanter. Inferiorly the two lips are prolonged to the condyles 
nnder the name of internal and external gupracondi/lar lines, enclosing between 
them a flat triangular snr&ce of bone, thejK^liteal surface of the femur, which forms 
the floor of the upper part of the popliteal space. The internal supracondylar line 
is interrupted at the npper part where the femoral vessels lie i^ainat the bone; it 
terminates below in a small sharp projection, the adductor tubercle, giving 
attachment to the tendon of the adductor magniis. Above the centre of the linea 
aspera is the foramen for the meduUaiy artery, directed upwards into Uie bone ; a 
second foramen is frequently to be seen near the lower end of tbe line. 

To the inner lip of the liuea aspera are attaclied the Tostna mtenros, eddnctor lontpu uid 
adductor mognaB muBCles, the last also extending upwards on the inner side of the gluteal 
ridge, and downwards along the internal supracondjlar line. The oater lip of the linea 
aapei* and the external Bupracondylar line give attaiahment to the short liead of the biceps 
and the external intermnscolar septum of the thigh. The adductor brevis is inserted into tbe 
upper third of the shaft exteniaUy to the pectineal line. Bunning' downwaids from the 
tubercle of the qnadratus to tbe level of the small trochanter there is sometimes to be seen a 
faint /inmt gtaidrati, marking the insertion of the quadratns femotis. A amall triangDlar 
area below the lesser trochanter, between tbe pectiueal and spiral lines, gives insertion to the 
out«r fibres of the iliacus. At tiie lower part of the popliteal surface is a slight ronghnea on 
each side, above the corresponding condyle, where fibres of th^ two heads of the gastroonemiDS, 
and externally also the plantaris, arise. 

The iafaxiOT axtremity presents two rounded eminenoea, the eondyUs, nmted 
in front, but separated behind hj a^Aex^iniercondyJar fosta ot notch. Theu: greatest 
prominence is directed back- 
wards, and their curve, as it 
increases towards that part, 
may be compared to that of 
a partially uncoiled piece of 
watch-spring. Tbe external 
condyle is the broader and 
more prominent in front ; 
the internal is the longer and 
more prominent laterally. 
In the natural position of the 
femur, however, the inferior 
snrfeces of the two condyles 
are on the same level. One 
lai^e articular surface, coated Fig. 134.- 

oontinnoosly with cartilage, """■ (D"w» V T. w. p. i-wrence.) | 

extends over both condyles ; 

but opposite the front of the intercondylar fossa it is divided by two irregular, slightly 
marked transverse grooves into three parts, a convex surface on each side of the 
foBsa for articulation with the tibia ; and a grooved anterior surface for the patella. 
The palellar surface is of a trochlear form, being marked by a vertical hollow and 
two prominent lipe ; the external portion of this surface is wider and more 
prominent, and rises higher than the internal. Tbe tibial turfaeet are nearly 
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parallel, ercept in front, where the in- 
ternal turns obliquely outwards to 
reach the patellar surface. On the 
exposed lateral surface of each condyW 
is a rough tubermfi/, giving attach- 
ment to the respective lateral ligament 
of the knee-joint. The external tube- 
rosity is the sm^er of the two ; above 
it is a ronndtsb impresBioii for the outer 
head of the gastrocnemius, and below 
and behind it an oblique groove, ending 
inferiorly in a pit, in which the popli- 
teuB muscle takes origin : the t«ndon 
of the muscle plays over the smooth 
hinder edge of the groove, and sinks 
into the hollow when the knee-joint is 
fully bent. On the upper part of the 
internal condyle, between the adductor 
tnbercle and the articular snrface, U an 
impreBsion for the internal head of the gastrocnemius. The floor of the intercondylar 
foesa is rongb, and presents two impressionfi where the cmcial ligaments are attached : 





Fig. 136. — CoRosij, BEcTioH or thi d 



I nuVR. (Zuijer.) 
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that of the anterior ligament occnpies the hindmost part of the inner Bnrfoco of the 
external condyle, while that of the posterior ligament is at the inner and fore part 
of the foBsa, above the cnrved portion of the internal tibial articular surface. 

The h^ and neck of the fbnnr are deeply placed ; the great trochanter is 
covered only hy the aponeorosiB of the glutens maximns, and is readily tell, forming 
the most prominent part of the hip. The shaft is thickly swroundeil by moscles. 
The condyles are snbcntaneous on each aide of the knee, the internal being especially 
prominent ; the trochlear sorface is concealed by the pat«lla during eitension, bat 
in the flexed limb its form can be traced pushing np the muscular corering. 

The tmngenKrat of the cancellona tiwoe at the upper end of the femur is dhown in 
fig. 136. A Bjttaa of " preaure-lamelln," iprininnK from the compMt will of the lower 
Bide ol the neck and the apper end of the abaft intenwUj, *MeDd« radiating inwaide to the 
head and ontwards to the great tro- 
chanter ; thoee paeBing- to the head are 
especiallj dense. Theae are cuMBed at 
right^mglea by a set of " tension-la- 
melbe," which start from the outer side 
of the shaft, and arch upwaids and 
inwarda to the head and inner side of 
the neck. The cnncave side of the neck 
is farther strengthened by a nearly 
vertical plate of compact tiwae (jralrar 
/emoraW), which projects upwards into 
the spongj snbstanoe a little in front 
of the small trochanter. At the lower 
end of the bone the chief laiiiell» ran 
vertically from the compact wall of the 
shaft to the tibial articular surfaces. 

The average leugth of the femur in 
the European male is a little more than 
IS inches, in the female aboat IT incbea. 
It equals aboat -275 of the statnre. and 
ite proportion to thehomems is aa 100 : 71. 

In the erect attitude tlie inclination of the femur is snch that the shaft forms an angle of 
about 9° with the sagittal plane, and 6° with the frontal plane ; the former angle is larger 
in the female tOian in the male. The femur also eihibita a torsion similar to that of the 
humerus, but nsually in the opposite direction, the head being inclined forwards from the 
transverse ans of the lower extremity : the angle a/ toriion varies within wide limits, but ii 
In the majority of cases between 5° and 20° (Hikulics, Arch. f. Anat., 1878). 

Tbe angle between the uedc and shaft of the femur varies much in different individnals, 
ranging in the adult from 110° to 140*. It is aa a role sruoller in short than in long thigh- 
bones, and in women than in men. It is more open in the foetoa and child, and decreases 
during the period of growth under the inflneuce of the weight of the body ; but it does not 
appear to andergo any change after growth is completed (Humphry, Joum. Anat., ziiii, 
273). 

Tarletiea. — The npper part of the gluteal ridge is sometimes very prominent, forming a 
Uiird traehaitter similar to the process so named in the horse and some other animals. In 
some coses there is a hollow, /I'wo hj/potrochanteri 
A marked development of the linea aapera gives rii 
femur. The addnctor tubercle may be of nnnaual k 
Uiree-quorters of an inch in length. 




lLI. TKOCBUITUl. (Q. D. T.) 



n place of or in addition to the ridge, 
to the condi^on known as the pilaitrred 
e, and has been seen forming a projection 





124 THE BONES OP THE LOWER LIMB. 

asm p&TBiiliA. 
The patella, rolula, or knee-pan, situated at the front of the knee-joint, is a 
Beaamoid bone developed in the tendon of the quadriceps extenflor cmria. It is 
compressed from before backwaids, and somewhat triangular in shape, with the 
apex below. Its anterior surface is convex and longitudinally striated, being 
covered by a fibrous prolougation from the extensor tendon ; it presents a few 

Fig. 138.~HlaBT patulx : 

BEB1HD. (Dravu b; T. 

W. P. Uwrence.) j 
In B, the articuUr Borface 
is seen, dirided bj & ridg« into 
■ nmaller internal and a lar^r 
eit«nud part. On each oT~^ 
these three facet* ■ maj be »• 
cogniied, of vhich the middle 
ia tbe largeat and the lower 
the amalleat, while along the 
iDDSr margin there ia a narrow 
seventh facet. 

vascular foramina, and is separated from the akin by one or more bursie. The 
superior border is broad, and sloped from behind downwards and forwards ; it is 
occupied, except near tbe posterior margin, by an impression into which the 
common (suprapatellar) tendon of tbe quadriceps is inserted. The deep sur&ce is 
for tbe most part coated with cartilf^^e for articulation with the femnr, and is 
divided by a vertical elevation into two parte, the external of which is the lai^er 
and transvereely concave, while the internal is convex : below the articular surfeice 
is a triangular depressed and roughened area, covered in the recent state by a mass 
of fat ; and from the lower angle and sharp margins of ithia part of the bone the 
infrapateUar tendon or ligamentum patellie springs, by which the patella is 
attached to the tibia. , 

THB TIBIA. 

The tiUa, or shin-bone, is, next to the femur, tbe longest bone in tbe skeleton. 
It is the anterior and inner of tlie two bones of the leg, and alone communicates 
the weight of the trunk to the foot. It articulates with the femUr, fibula, and 
astragalus. 

The aaperiOT •xtremity or head is thick and expanded, broader from side, to 
side than from before back, and inclined somewhat backwards from tbe direction of 
the shaft. It forms on each side a massive eminence or iuberosily, on the upper 
aspect of which is a slightly concave articular surface for the corresponding 
condyle of the femur. Tbe intenuil tuherotity, somewhat larger than the external, 
is rounded, and marked posteriorly by a horizontal groove for tbe insertion of the 
semimembranosus muscle. The exkmal tuberosity forms at the junction of its 
anterior and outer surfaces a broad prominent tubercle, into which the ilio-tibial 
band of the fascia lata is inserted ; at its posterior and under part is a small flat 
surface for articulation with the bead of the fibula. Tbe intemal condylar awrface 
is oval iu shape, larger than the external, and slightly more hollowed. The external 
amdyloT staface is more nearly circular, and concave from side to side, but rather 
concavo-convex (in some cases altogether convex) ftom before backwards, and is 
prolonged for a short distance on tbe posterior surface of the tuberosity where 
the tendon of the popliteua glides. The peripheral part of each articuW 
surface is flattened, and separated from the condyle of the femur by a semi- 
lunar interarticular fibro-cartilage. Between the condylar Burfiaces is an irregular 
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internal, depressed in front and behind, where it gives attachment to the crucial 
ligamentfl and the semilunar fibn>-eartilsge8 of the knee-joint, and elevated in the 
middle, thus forming the spiiu^ which is received into the intercondylar notch of 
the femur. The summit of the spine presents two compressed tubercles, with a 
slight intervening hollow, and the condylar articnlar surf aces are prolonged upwards 
on the sides of the process. The depressed snr&ce behind the spine is continned 
into a shallow excavation — the popliteal nokh, which separates the tuberosities on ' 
the posterior aspect of the bead. Lower down on the front of the bone, at the 
junction of the head and shaft, is gitnat«d the tubercle or anterior tuberositff, 
marked by the attachment of the ligamentum patellie. 

The kliaft of the tibia ia three-sided, and diminishes in size as it descends for 
about two-thirds of its length, bnt increases somewhat towards its lower extremity. 
The internal surface is convex and for the most part snbcutantouB ; at the upper 
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end, by the side of the tubercle, is a slight roughness where the tendons of the 
sartorius, gracilis and semitendinosQs muscles are inserted. It is separated from 
the external surface by the anterior harder, which runs with a sinuous course from 
the tubercle to the front of the internal malleolns, having its concavity directed 
outwards above, and inwards below ; in its upper two-thirds it forms a sharp ridge 
known as the crest of the tibia ; in its lower third it is smooth and rounded. The 
external surface is slightly hoUowed in its upper two-thirds, where it lodges the 
belly of the tibialis anticus muscle ; hut below the point where the crest disappears 
it turns forwards, becomes convex, and is covered by the extensor tendons. The 
poalerior mirfaee is crossed obhqnely in its upper third by the rough popliteal or 
oblique lirie, which runs downwards and inwards from the outer tuberosity, and gives 
origin to the solens muscle : above this ia a triangular area occupied by the poplitcns 
muscle : while below the line, in the middle third of the shaft, a longitudinal 
ridge divides the surface into two portions, an inner gi\-ing origin to the flexor 
longuE digitorom, and an outer, larger, to the tibialis posticus. A little below the 
oblique line, and external to the longitudinal ridge, is a large foramen for the 
medullary artery, directed downwards into the bone. The posterior surface is 
separated from the internal by the internal border, which is most distinct in the 
middle third of the bone, being ronnded off above and helow, and from the outer 
surface by the external border or interosseous ridge, a prominent edge or line, inclined 
forwards above, to which the interosseous membrane is attached. 

The infsrior •xtrsmitj, much smaller than the superior, is expanded trans- 
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versely, and projects downwards on its inner side, so as to form a thick process, the 
internal malleolus. Inferiorly it presents for articalation with the astragalus a 
cartilaginous surface, which is quadrilateral, concave from before backwards, and 
having its posterior border narrower and projecting farther downwards than the 
anterior ; internally the cartilaginous surface is continued down in a vertical 
direction upon the internal malleolus, clothing its outer surface somewhat more 
deeply in front than behind. The external surface is hollowed for the reception of 
the fibula, and rough for the attachment of ligament, except over a small part along 
the lower border. The posterior surface of the internal malleolus is marked by a 
groove for the teudon of the tibialis posticus, and more externally is a slight 
depression where the tendon of the flexor longus hallucis lies. 

Both tuberosities of the tibia are subcutaneous, the external forming a well- 
marked prominence at the outer and fore part of the knee. The internal sur£ace 
of the shaft is thinly covered for a short distance at the upper part by the tendons 
of the sartorius, gracilis, and semitendinosus, but in the rest of its extent it is 
subcutaneous, together with the continuous surface of the internal malleolus. 
Anteriorly, the tubercle gives rise to a slight elevation below the knee, on which the 
body is supported in , kneeling, and running down from this the crest is to be 
followed, constituting the shin. 

The femoro-tihial index l ^^^\ -^^J^^ ^ ^ ^^ \ ia about 81 in the European, 83 in 

\ length of femur / 

the Negro, and 86 in the Bushman. The tibia is twisted so that when the upper extremity 

has its longest diameter directed transversely, the internal malleolus is inclined forwards : the 

fififfle of torsion is commonly between 5° and 20°, but it may range from to 48"* (Mikulicz, 

Arch. f. Anat., 1878). 

Varieties. — The shaft of the tibia is sometimes much compressed laterally, and expanded 

from before back, the posterior longitudinal ridge being very prominent, so tiiat a transverse 

section at the junction of the upper and middle thirds has the form of a narrow lozenge : 

such a bone is said to be platyenemiv. A facet at the anterior margin of the lower extremity 

for articulation with the neck of the astragalus in extreme flexion of the ankle-joint is rare 

in Europeans, but common in some lower races. (Manouvrier, " Sur le platycnemie," ice. 

M6m, Soc. d'Anthrop. Par., 1888 ; A. Thomson, *' Influence of posture on the form of the 

tibia," &c., Joum. Anat. xxiii and xxiv.) 



.XHS. FIBUIjA. 

The fibula, or peroneal bone, is situated on the outer side of the leg ; it is nearly 
equal to the tibia in length, but is much more slender. Its inferior extremity is 
placed a little in advance of the superior ; and its shaft is slightly curved, so as 
to have the convexity directed backwards, and, in the lower half, slightly inwards 
towards the tibia. . , . 

The saperior extremity, or head, somewhat expanded, is produced upwards at 
its hindmost paft into a conical eminence, known as the styloid process ; in front of, 
and inside this is a small oval cartilage-covered facet, looking upwards, inwards and 
forwards, for articulation with the outer tuberosity of the tibia ; while more externally 
is a slightly ei^cavated surface where the tendon of the biceps femoris is inserted : 
the outer side of the head is smooth and subcutaneous. The somewhat constricted 
part below the head is distinguished as the neck. 

The inferior extremity, or external malleolus, is longer and more prominent 
than the internal malleolus ; internally it forms the outer limit of the ankle joint, 
and presents a triangular smooth surface for articulation with the astragalus, behind 
which is a rough depression where the posterior band of the external lateral ligament 
is attached : its anterior border, after projecting rather abruptly fonvards, slopes 
downwards and backwards : posteriorly it is marked by a shallow gioove traversed 
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by the teadons of the peroneus longua and brevig 
muacleg : extcmall; it ia convex and suboataneoiifl : 
and a triangular subcataneoas surface is continned 
up from it for two or three inches on the shaft. 

The Bliaffe has fonr surfaces, separated by as 
many prominent lines. Three of theae lines are 
known as borders, the fourth is the interoeseons 
ridge. The anterior border is the most prominent ; 
it commences at the fore part of the neck, and 
takes a straight coarse down the front of the bone 
as far as the lower fifth, where it bifurcates, the 
one line running to the front of the malleolaa, the 
other to the back, and enclosing between them the 
triangular' snbcntaneous anr&ce. Immediately in- 
ternal to this is the mtei-osseoug ridge, so named 
from giving attachment to the interosseous mem- 
brane ; it is close to the anterior border above, 
but gradually diverges from that as it passes 
downwards ; it t«rminates about an inch and a 
half above the ankle-joint in the apex of a tri- 
angular anrface, convex and roughened by the 
inferior interosseous ligament, fixing it to the tibia. 
The external border extends the whole length of 
the bone, from the styloid process to the back of 
the malleolus, inclining inwards in its lower half. 
The remaining border, internal, commences at the 
inner side of the neck, runs down the shaft for 
two-thirds of its length, and then ends by joining 
the interosseous ridge. The surfaces are : — the 
anterior, between the fuiterior border and the in- 
terosseous ridge, narrow above, wider below ; it 
gives origin to the extensor muscles of the toea 
and the peroneus tertiue : the external, broadest of 
all, somewhat hollowed at the upper part, and 
taming below to the back of the maUeolua, thns 
indicating the ooune of the peronei mnscles, by 
which it is completely covered : the posterior, which 
winds to the inner side of the bone in its lower 
half ; in its upper third it is rough, giving origin 
to the Boleus, while the rest of its extent is occupied 
by the flexor longns hallncis : and the internal, 
between the internal border and the interosseons 
line, a fusiform surface over the upper two-thirds 
only of the shaft, and giving origin to the tibialis 
poeticns ; it is often traversed by an oblique ridge 
which gives attachment to a t«ndinous septum in 
the muscle. The foramen of the medullary arteiy 
is amall, placed on the internal or posterior surface, 
about the middle, and is directed downwarda. 

The bead of the fibula projects under the skin 
at the onter and back part of the knee, behind and 
somewhat below the level of the prominent outer 
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tinberositj of the tibia. The shaft is covered by mnecles, except over the tri- 
angular surface above mentioned. The external malleolus descends lower and pro- 
jects farther backwards than the internal, its point being nearer to the heel by 
abont three-quarters of an inch. 



The tama is composed of seven bones, viz., the calcanenm, astragalus, navi- 
cular, three cuneiform, and cuboid. 

The oalcanaun or o« calcis is the largest bone of the foot. Projecting down- 
wards and backwards, it forms the heel. Above, it articulates with the astragulos, 
and in front with the cuboid bone. Its principal axis extends forwards and 
outwards from its posterior extremity to the cuboid bona 

The large posterior extremiti/, or tuheroaitij, presents infcriorly two tubercles, which 
rest upon the ground, and of which the internal is the larger : its hinder sur&ce is 
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a, noTicalAr bnne ; b, astrogalua ; c, 09 uilaa ; d, its tuboToaity ; e, internal caneifonn ; /, middle 
CTineiforin ; g, eiteinal cuneiform ; h, aubo'idBqpa ; I to V, thd metatarsal bones ; 1, 3, fintuid last 
ptuilaDges of the great toe ; 1, 2, 3, Srat, second, and third phalanges of tbe second Um. 

divided into an upper part, smooth and separated by a bursa from the tcndo Achillia, 
a middle part for the attachment of the tendon, and a lower part, convex and 
roughened, continncd below onto the tubercles, and covered by the thick skin and 
fatty pad of the heel. The part in front of the tuberosity forma a slightly con- 
stricted neck. The internal surface of the bane is deeply conca\-e, and its concavity 
is Bunoounted in front by a flattened process, the mtskntacvliira tali, which projects 
inwards near the anterior extremity of the bone on a level with its upper surface, 
and presents infcriorly a groove occupied by the tend<in of the flexor longus hallucia. 
The vpjier surface has two articular facets for the astragalup, separated by an 
oblique groove in which the interosseons ligament is attached ; the anterior facet. 
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often BQbdivJded into two, ie placed over the Bostentacalam, and is concave ; the 
other, posterior and esbenial to thU, and lai^;er, i§ convex from behind forwards and 
ontwania : the onter end of the groove is much widened, and at its fore part is a 
rough Hurfece where the extensor 
breviE digitonim takes origin. The 
anterior extremilt/ articulates with 
the cuboid hone by a surface concave 
from above, downwards and out* 
wards, and convex in the opposite 
direction; and internal to this, along 
the front of the Bastentacnlnm tali, 
the internal calcaneo-navicniar liga* 
meat is attached. The under sur/act, 
projecting ia a rongh anterior 
tubercle, gives attachment to the 
inferior calcaneo- cuboid ligaments. 
The external surface is on the whole 
flat, but often presents at its fore part 
an oblique ridge, the peroneal spine, 
separating two slight grooves, the 
npper for the tendon of the peronens 
brevis, the lower for the peroneos 
lougiis. 

The aatntgalna, or talus, second 
in size of the tarsal bones, receives 
the weight of the body from the 
leg. It articulates with the tibia 
above and internally, the fibula ex- 
ternally, the OS calcis below, and the 
navicular in front. Its longest axis 
ia directed forwards and inwards. 
Its main part is called the body, the 
convex anterior extremity is the head, 
and the grooved part behind this is 
the neck. The superior articular 
surface occupies the whole of the 
upper aspect of the body, and sends 
a prolongation downwards on each 
of the lateral surfaces of the bone. 
The middle part, looking npwards 
, • to the tibia, ia convex from before 
backwards, broader in front than 
behind, with its onter margin longer 
than the inner, and curved, while 
the inner is straight. The inner 
lateral part is narrow, sickle-shaped, 
and articulates with the internal malleolus ; the outer lateral part, much deeper, 
triangolar, and concave from above down, articulates with the external malleolus, 
Inferiorhj, there are two smooth surfaces, which articulate with the calcaneum. 
The posterior of these, the lai^r, concave from within outwards and forwards; ia 
separated by a rongh depression for the interosseous ligament from the convex 
anterior surface, which rests on the sostenlaculum tali. The rounded anterior sur- 
face of the head articulates with the navicular bone ; and at the lower and inner 
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part, between this and the anterior articolfttion with the os oalcia, is a facet which 
rests upon the internal caloaneo-navicular ligament, the three forming one con- 
tinnoDB articular gnrface. The posterior surface is of small extent, and marked at 
it« inner part bj a groove for the flexor longns hallncie, which is continuous below 
with that of the austentaculnm tali. Bounding the groove are two tuUrcUa, of 
which the internal is ueually but little marked, while the external is more prominent 
and gives attachment to the posterior band of the external lateral ligament of the 
ankle-]oint. 

The nancTilMr or Boaphoid bona is placed at the inner side of the foot 
between the astragalus and the cuneiform bones. It is elongated transversely, and 
compreesed from before backwards. It presents 
posteriorly an articular concavity for the bead of 
the astragalns, and anteriorly a convex surface 
divided by two lines converging below into three 
facets, which articulate respectively with the three 
cuneiform bones. Its upper surface is convex 
from side to side ; the hwer is narrower and very 
nneven. On the-ow/w enrf there is in some 
instances a small articular surface for the cuboid 
bone ; the inner end forma the prominent tube- 
roaity, directed downwards, and giving insertion 
to the tendon of the tibialis posticcs muscle. 

The otuieifctrm bones are known as first, 
second, and third, from within outwards, or in- '" -~ 

temal, middle and external. They are placed between the navicular bone and the 
inner three metatarsal bones, and present anteriorly and posteriorly smooth surfaces 
for articulation with those bones. The internal cuneiform hone is the largest, the 
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middle is the smallest. The proximdl ends of the three bones are in the same trans- 
verse line ; but at their distal ends the internal and external project forwards 
beyond the middle one, and thus form a deep recess into which the base of the 
second metatarsal bone is received. 

The intanuJ cnnflifona bona has its sharp border directed upwards, and 
the thick ronnded base of the wedge projects downwards on the inner border of 
the foot. The anterior articular surface, for the first metatarsal bone, la much 
larger than the posterior, is kidaey-shaped and convex. The internal surface is 
free, rather uneven, and marked by an oblique groove for the tendon of the tibialis 
anticus mnscle, ending below in an oval facet where the latter part of the tendon is 
inserted. On the outer side, along the posterior and superior borders, is an L-shapcd 
surface, which articulates with the middle cuneiform, and at its anterior extremity 
with the second metatarsal hone. 
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The middls cnneifomi Itvaa has its base directed upwards, and the sharp 
edge downwards towards the sole. The posterior end is somewhat hroader than the 
anterior. On the inner swfe is an L-shaped articular surface, corresponding to that 
on the internal cuneiform bone ; and 
on the outer side is a smaller facet, at 
the posterior part, for the external 
cuneiform bone. 

The axtemal cnnsifbnit bone is 
also situated with it« base upwards. At 
its anterior end is a triangular articular 
surface for the third metatarsal bone, 
and continuous with this are Bmall 
facets on the fore part of each lateral 
surfaoe, for the second and fourth meta- 
tarsal bonep. On the internal surface, at the posterior part, is an articular facet 
for the middle cuneiform bone, and on the outer surface a much .larger one for t^e 
cuboid bone. 

The cuboid bone is situated on the outer side of the foot, between the 
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cslcaneum and the fourth and fifth metatarsal bones. It deviates from the cuboid 
fonn and becomes rather pyramidal by the sloping of four of its surfaces towards 
the short, rounded external border Posteriorly it articulates with the os calcis,and 
the lower internal corner projects backwards as a conical process beneath the anterior 
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eitremity of that bone. Its anterior surface, smaller than the posterior, is divided 
into an internal quadrilateral and an external triangular facet, articulating with the 
fourth and fifth metatarsal bones. On its inlerml aspect, iu the middle, and 
reaching the suiierior border, is a surface lor articulation with the external cuneiform 
bone ; and behind this, in many iustances, is a smaller facet articulating with the 
navicular, while the remainder ia rough lor ligaments. The superior surface, 
looking upwards and outwards, is on the whole flat, but rather rough. On the 
inferior surface is a thick oblique ridge or tubei-osity, the outer end of which 
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presents a smooth facet, covered with cartili^ in the recent state, where the tendon 
of the peroneua longns turns ronnd into the sole. Between tlie tubeitisity and the 
anterior margin of this snrface is a deep groove, beginniiig at a notch in the oater 
border of the bone, for the reception of the tendon. Behind the tuberosity is a 
triai^fular depressed area occupied by the plantar calcaneo-cuboid ligament. 

Vaxletlea. — lostanoea are recorded in which the number of tarcol bones is lednced owing 
to oaDgenital HTnoBtoais of the oe calcia and navicular, of the aatragalna and os calcis, or of th4 
aetrsgalOB and navicular. An increaee in number may arise from the sepanttion of the 
external tubercle at the bock of the aatragalnB (rx fri^iinuBi— Baideleben), or of the tuberoeity 
of the navicular bone, from the divietoii of the internal cuneiform bona into dorsal and 
plantar pieces, and from the presence of a enpemnmerary ossicle at the fore and inner part ot 
the OS calcis, or between the internal cuneiform and second metatarsal bones. (H. Leboooq, 
" De la Boodnre oongfnitale de oertains os dn tanie," Boll, de rAoad. Roy. da M61 de Belgiqne, 
1890, 103 ; L. Stieda, " Der Talos and das Oe trig^jDum Bardelebena beim Menechen," Anab 
Ameigrer, tSSD, 305 ; W. Oruber, "Os cuneiforme 1. bipartitum beim Menschen." Kim. Acad. 
St. Feterstmrg, ISTT ; Bortmann et Mordrst, " Anatomie da premier con^iform," Bull, Soo. 
Anat. de Paris, 1889, 71.) 



THB lODTATASBOa 

The five uctatanMl feonn are distinguished by numbers, according to their 
position from within outwards. They resemble the metacarpal bonee of the hand in 
being long bones, shghtly convex from end to end on the dorsal aspect, in having 
differently shaped bases, three-sided shafte, and rounded heads which articulate 
with the phalanges. They also agree with the metacarpal bones in the number of 
bones with which each articulates. 

The first metatanol bon« is the shortest, but is much thicker and more 
maeeiTe than the others. On its base is a large kidney-shaped snr&ce, slightly 
concave, for articulation with the internal cunei- 
form bone, and sometimes there occurs a small 
facet on the outer side for the second metatarsal 
bone. The lower part of the base forms the tubS' 
roiily, which projects downwards and outwards in 
the sole, and is marked on its outer side by a 
rounded impression for the peroneus longus ; on 
the inner side is a smaller mark where a slip of the 
tibialis anticus is inserted. Of the three surfaces 





Fig. IBS. 
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of the sJiaft, the superior, which looks abo inwards, is oblong and convex, the 
inferior is concave, and the external, the largest, is triangular and flattened. The 
head is large, and has on its under snrfdcc a median ridge, separating two grooves in 

which the sesamoid bones glide. 
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The lemaining foor bones are distingaished from 
the metacarpal bones by being more slender and 
compreseed from side to aide, corregponding to the 
narrower form of the foot compared with that of 
the hand. The second la the longest ; the othere 
diminieh gradaallj to the fifth. Their sha/it pre- 
sent in the greater part of their extent a prominent border 
looking npwarda, which in the middle three appears on 
the back of the foot between the doraal interosaeons 
mUBcles on each side. Their heads are elongated from 
above down, and terminate below in two small projec- 
tioDB ; ou each side is a tubercle and depression for the 
attachment of the lateral ligament. The bases differ in 
the several bones, and thus furnish distinctive cha- 
racters between them. The ascond baa a triangular base, 
which articulates with the middle cuneiform hone ; on the 
inner side is a amall facet for the internal cuneiform, and 
sometimes, below and in front of this, a less distinct 
surface for the first metatarsal bone ; on the outer side 
there are usually two email surfaces, an apper and a 
lower, each ^aiu subdivided into two, thus making fonr 
facets, of which the two posterior articulate with the 
external cuneiform, and the two anterior with the neit 
metatarsal bone. The third has also a triangular base articulating with the external 
cuneiform bone ; on the inner side are osually two facets for the second, and on the 
onter side a single larger facet for the fourth metatarsal bone. The base of the ttmxih. 
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is oblong or oval, and articulates with the cuboid ; on the inner side is generally a 
double facet for the third metatarsal and the external cuneiform bones, but the arti- 
culation with the latter is sometimes absent ; and oh the outer side is a single surface 
for the fifth metatarsal bone, with a deep groove below it. The fifth articulates by 
its base with the cuboid, and intemdly with the fourth metatarsal bone, while 
externally it projects in a large rough tuberosity, into which the peroneus brevis 
muscle is inserted. 

Variety. — In some rare cases an independent ossicle has been found taking the place of 
the tuberosity of the fifth metatarsal bone (W. Gruber, Virchow's Archiv, xcix, 460 ; Ch. 
Bebierre, BulL Soc. Anat. de Paris, 1888, 392). 





THS FHAIiANaSB. 

The phalanges of the toes correspond so nearly in general conformation with 
those of the fingers that it will only be necessary in this place to state the points in 
which they differ from the latter. 

The phalanges of the four outer toes are much smaller than the corresponding pha- 
langes of the hand ; but those of the great toe are larger than those of the thumb. 
The shafts of the first row of phalanges in the four outer toes are 
compressed laterally and narrowed in the middle ; those of the 
second row, more especially in the fourth and fifth toes, are very 
short, their length scarcely exceeding their breadth. The last two 
phalanges of the little toe are frequently connected by bone into 
one piece.^ 

Sesamoid bones. — Two sesamoid bones, developed in the 
tendons of the flexor brevis hallucis, lie side by side in the 
plantar wall of the first metatarso-phalangeal joint, and glide in 
the grooves on the head of the first metatarsal bone. Small 
sesamoid bones sometimes occur in the corresponding joints of 
the other toes. 

TH3B BONSB OF THE FOOT AS A WHOUB. 

The foot is narrowest at the heel, and as it passes forwards 
becomes broader as far as the heads of the metatarsal bones. 
The posterior extremity of the calcaneum is inclined slightly 
inwards. The astragalus, overhanging the sustentaculum tali, 
inclines inwards from the calcaneum so much that its external 
superior border is directly over the middle line of the calcaneum, 
and hence the internal malleolus appears more prominent than the 
external. The foot is arched from behind forwards, the posterior pier of the arch being 
formed by the heel, the anterior by the heads of the metatarsal bones. The arch, 
indeed, may be considered as double in front, with a common support behind. The 
internal division of the arch is that which bears the greater part of the weight of 
the body, and is most raised from the ground ; it consists of the posterior two-thirds 
of the calcaneum, the navicular and cuneiform bones, and the thi*ee inner metatarsal 
bones ; the outer arch is formed by the calcaneum in its whole length, the cuboid 
bone, and the fourth and fifth metatarsal bones. Besides being arched longitudinally, 
the foot presents likewise a transverse arch, formed behind by the cuboid and three 
cuneiform bones, and in front by the metatarsal bones. 




Fig. 156. — Pha- 

LAKQBS OF SBCOKD 
TDK : PLANTAR 
ASPBCT. (G.D.T.) 



^ W. Pfitzner found this onion in aboat 36 per cent., and as freqaently in infants as in adults 
(Arch. f. Anat., 1890, 12). 
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OBBinaATio:! or ths bonzb or thz i^wiib limb. 

Hip-bone. — The hip-bona is formed from the three principal piecee preTiousl; mentioiied, 

viz., tJie ilium, iichinm, and db pabia, and from variona others of im epiphysial natore. Oanifi- 

cation commences in the cartilage of the ilinm a little later than in other large bones, the 

deposit of bone befnnning: above the llio-eciatio notch in the 8th or 9tli week. Thie is followed 
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A, the conditiaD of the bone at birlb. Bono haa spread from three nuclei into the ilium, iscbiam, 
and pabis, which meet in the cartikge of the acetabulum. 

B, from a child uDdei ui ;eui of age. The ismi of the ischium and pubia ore farther oEsiSed, but 
still sepunte. 

C, a bens of tvo or three ;ean later, in vhich the rami are united. 

D, the bone of the right side from a person of ab6ut tnenty years. TJuion bal taken place iu the 
acetabulum, and the additioDo! epiphjm are seen on the crest of the ilium, the anterior inierior spine, 
the iichial tuberoeitf, and the margin of the Bymphjnis pubis. 

In A, B, and C, 1, ilium ; S, ischium ; 3, pubis ; in L), 6, epiphysis of tlie crest ; 6, that of the tube- 
rosity oE the iBchinm ; 7, that of the Ejnipbysis pubis ; 8, that of t^e anterior inferior spine of Uie ilinm. 

by similar depoeits in tlie thick part of the ischium below the ocetabnlnm in the 3rd month, 
and in Oie enperioi: ramus of the pabis in the 4th or 6th month. At birth the greater part of 
the aoetabtJum, the crest of the ilium, the tuberoeity and ramus of the ischium, the body and 
inferior rsmas of the pubis are still cartilaginous ; ossification [mm the three primary centres 
haa however extended into the margin of the acetabulam. In the 7th or 8th year t^e rami of 

Fig. lES.— AOITABOLIK RMIOM OF THB HIF-BOKE 
At 14 TIAHS or ACB. (Q D T } i 

1 ilinm 2 ischium 3 pubis i os acetabuli ; 
fi bony nodules between ihum and ischium ; 6 and 
7 epiphysial lamime on iUddi and ischium, 

the ischium and pabis become completely nnited 
by bone In the ocetabnlom the three porta are 
still separated by a T shaped stnp of cortilafte, 
which IS contmaoas with that lining the cavity. 
This cartilaf.e begins to be ossified from several 
centresabout the 12th year The meet constant of 
theoe gives nse to a triangular piece of bone at the 
fore part of the acetabulum, which is known as 
the OK aeetabvli,^ and forms the whole of the so- 
called pnbic portion of the artionlar canty. It 
becomes united first with the pubis, and later with 
the ilium and ischium. Between the ilium and 
Ischiam there are only some irr^rular nodules of bone, and other email osseous points form a 
more or less perfect lamina over the iliac and ischial portions of the articular surface. The 
union of the several portions in the acetabulum is completed from the 18th to the 20th year. 

' W, Leehe, Intemat. Monatschr. f. Anat. u. Histol., 1884, 363 ; W. Eranse, ib., 1885, 150, 
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Epiphyses are likewise formed in the cartilage of the crest of the ilium, the taberosity of the 
ischium, the anterior inferior spine of the iliom, and the symphysis pubis. These begin to 
ossify soon after puberty, and unite with the main bone from the 23rd to the 25th year. 

lie pelris of the foetus and young child is of very small capacity in proportion to the size 
of the body, and those viscera which are afterwards contained for the most part in the true 
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Fig. 159.— Ossification of the fbjcitb. (R. Quaio.) 

A, from a foetus under eight months ; the body is osseous, both ends are cartilaginous. 

B, from a child at birth, showing a nucleus in the lower epiphysis. 

C, from a child of about a year old, showing a nucleus in the head. 

D, at the fifth year ; a nucleus has appeared in the great trochanter. 

E, near the age of puberty, showing a nucleus in the lesser trochanter. 

1, shaft ; 2, lower extremity ; 3, head ; 4, great trochanter ; 5, small trochanter. 
C, D, & £ are represented considerably, A & B very little, under the natural size. 










Fig. 160.— OssiFiOATiOK OF THi TIBIA. (R. Quain.) 

A, some weeks before birth ; the shaft is ossified, the ends are cartilaginous. 

B, at birth, showing a nucleus in the upper epiphysis. 

C, at the third year, showing the nucleus of the lower epiphysis. 

D, at about eighteen or twenty years, showing the lower epiphysis united, while the upper remains 
separate. The upper epiphybis is seen to include the tubercle. 

E, shows an example of a separate centre for the tubercle. 

1, shaft ; 2, superior epiphysis ; 2*, separate centre for the tubercle ; 8, inferior epiphysis. 

pelvis occupy a part of the abdominal cavity. The inclination of the pelvis is considerably 
greater in early life than in the adult. 

The femur is developed from one principal ossific centre for the shaft which appears in the 
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7th week, and from f onr epiphyses, the centres for which appear in the following order :— A 
•ingle nncleus for the lower extremity appears shortly before birth, one for the head appears 
in the Ist year, one for the g^reat trochanter in the 4th year, and one for the small trochanter 
in the 13th or 14th year. These epiphyses become united to the shaft in an order the reverse 
of that of their appearance. The small trochanter is united about the 17th year, the great 
trochanter about the 18th year, the head from the 18th to the 19th year, and the lower ex- 
tremity soon after the 20th year. The neck of the femur is formed by extension of ossification 
from the shaft. 

The patella is formed in the 3rd month by a deposit of cartilage in the tendon of the 
quadriceps extensor cruris muscle. In this cartilage ossification begins from a single centre 
during the 3rd year, and is completed about the age of puberty. 
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Fig. 161.— Ossification of the fibula. (R. Qnain.) 

A, at birth ; the shaft is ossified, the ends are cartilaginous. 

B, at two years, showing a nucleus in the lower epiphysis. 

G, at about four years, showing the nucleus of the upper epiphysis ; the lower ought to have been 
shown as more advanced. 

D, at about twenty years ; the lower end is complete, but the upper epiphysis is still separate. 
1> shaft ; 2, lower epiphysis ; 3, upper epiphysis. 

The tibia and fibula each present, besides the principal centre for the shaft, a superior 
and an inferior epiphysis. In the tibia the centre for the shaft appears in the 7th week ; that 
for the upper extremity, including both tuberosities and the tubercle, appears most frequently 
before, but sometimes after birth ; and that for the inferior extremity and internal malleolus 
appears in the 2nd year. The tubercle is occasionally formed from a sepai^te centre. The 
lower epiphysis and shaft unite in the 18th or lyth year, the upper epiphysis and shaft in the 
21st or 22nd year. In the fibula the centre for the shaft appears rather later than in the tibia; 
that for the lower extremity appears in the 2nd year, and that for the upper, unlike that of the 
tibia, not till the 3rd or 4th year. The lower epiphysis and shaft unite about the 2 Ist year, 
the upper epiphysis and shaft about the 24th year. 

The fibula in the embryo at an early period is nearly as large as the tibia, and also articu- 
lates with the femur. The tibial malleolus on the other hand is up to the seventh month of 
festal life longer than the fibular ; and the marked preponderance of the fibular malleolus, 
which is peculiar to man, is only acquired after birth (Gegenbaur). 

The tarsal bones are ossified in cartilage each from a single nucleus, with the exception of 
the OS calcis, which in addition to its proper osseous centre, has an epiphysis upon its ix>sterior 
extremity. The principal nucleus of the os calcis appears in the 6th month of. f cetal life ; its 
epiphysis begins to be ossified in the 10th year, and is united to the tuberosity in the 15th or 
16th year. The nucleus of the astragalus appears in the 7th month ; that of the cuboid about 
the time of birth ; that of the external cuneiform in the let year ; that of the internal cunei- 
form in the 3rd year ; that of the middle cuneiform in the 4th year ; and that of the nayicular 
in the 4th or 5th year. 

The metatarsal bones and phalanges agree respectively with the corresponding bones of 
the hand in the mode of their ossification. Each bone is formed from a principal piece and 
one epiphysis ; and while in the four outer metatarsal bones the epiphysis is at the distal ex- 
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tremit7, in the metatarsal bone of the great toe and fa the phalanges it is placed at t^e 
pioxiinal ertremitf. In the fint metatanal bone tliere ia frequenttj', ae in the fint metacarpal 
(see p. 109), also a second or distal epiphysis ; and in some instances a proximal epiph}rsia is 
formed on the tuberosity of the Bfth metatarsal bone (Gmbei). In the metataraU bones the 




Fig. HZ- 
A, right foot of a fietuB of 



(E. Quain. ) 



, , anths ; the melataTsal bones and digital phalanges hare each their 

ihafts OBsified from tbeir priniai? ceatrea ; the tanas ia whollf cartilaginous, excepting the os calcii, 
in which the nucteua of bone has juBt appeared, 

B, foot of a foetus of seveQ or eight months ; the astragaloB shows a nacleuB. 

C, from a child at birth ; the cuboid has began to ossiff. 

C, about a jear old, ehowiog a oucleus is the eilemal cuaeiform. 

E, in the third year ; oesiGcation has reached the intemal cuneiform, 

P, about four jean old, showing ossification io the middle cnaeiform and navicular bones, and in the 
epiphyses of the metatarsal bones and phalanges. 

G, sbout the age of puberty ; ossification is nearly complete in the tarsal bones ; an epiphysia has 
hesD formtd on the tuheicaity of the os calcis, and the epipfaj&es of the mstatarsal boaea and phalanges 
are shown separate. 

1, nucleus of the os cB]<:is ; 1' in G, the epiphysis of the os calcis ; 2, nucteua of the astiagalus ; 3, of 
the cuboid ; 4, of the eiteroal cnnevfonn ; 5, oEthe internal cuneiform ; S, of the naTicalar ; 7, of the 
middle cuneiform ; S, metatarsal bocea ; S*, diftal epiphysis of the second metatarsal bone ; S', proximal 
epiphysii of the firat ; S, first phalanx of the second toe ; 6*, pioiimal epiphysis of tliis phalanx ; V, 
that of the first phalanx of the great toe ; 10, second phalaai ; 10*, the epiphysis of this phalanx ; 
lO", epiphysii oE Uie terminal phalanx of the great toe ; 11, terminal phalanx ; 11*, ita epiphysis. 

nnelei of tlie shafts appear in the 8th or 9th week. The epiphyses appear from the 3rd to the 
6th year, and unite witii the shafts from the 18th to the 20th year. The nuclei of the thtttta 
ot the phalanges appear in the 9th or 10th week. The epiphysea appear from the Itb to the 
8th year, and naite with the shafts from the 19th to the 21st year. 
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In the infant the head of the astragaloB \b directed more inwards than in the adnlt, and 
the foot is natorallj inverted. The first metatarsal bone is also relatively short in the foetus, 
and at first is inclined inwards from the internal cuneiform bone, the distal articular sorface 
of which is oblique. In these respects the young foot is more like that of the ape. (Lebonoq, 
" Le d^veloppement du premier metatarsien et de son articulation tarsienne chez Thomme,'* 
Arch, de Biologic, iii, 335.) 



MOBFHOIiOaY OF THX BONSB OF THB IiIHBS. 

Belation to the axial skeleton. — Anatomists have generally agreed to look upon the relation 
which the bones of the limbt bear to the rest of the skeleton as that of appendages to the 
trunk, and most are also disposed to regard these appendages as similar radiations or ezt^isions 
from one or more of the vertebral segments in two determinate situations of the trunk. But 
opinions are much divided as tg the typical number of the vertebral segments which are in- 
volved, and as to the exact morphological nature of the parts which form the radiations. The 
quinquifid division of the peripheral parts of both liml]« in man and many animals appears 
favourable to the view that each has the elements of five segments prolonged into it ; but of 
late years attention has been specially directed by K. Bardeleben and others to certain mar- 
ginal structures which are interpreted as vestiges of more or less completely suppressed digits, 
and there seems reason for believing that the pentadaotyle extremity has been preceded by a 
heptadactyle form. In association with this it may be noticed also that the nerves entering 
into the proper limb-plexuses are in each case seven, viz., the 4th. 5th, 6th, 7th and 8th 
cervical, with the 1st and 2nd dorsal, in the brachial plexus, and the 2nd, 3rd, 4th and 6th 
lumbar, with the Ist, 2nd and Srd sacral in the crural plexus. It is farther generally held 
that the constituent elements follow each other in a similar order in the two limbs from the 
cephalic to the caudal part of the vertebral axis, so that the {X)llex and radial elements occupy 
the cephalic side of the upper, while the hallux and tibia take the same place in the lower 
limb. 

Homologrical comparison of upper and lo-wer limbs. — A certain anatomical correspond- 
ence between the upper and lower limbs, which is apparent to common observation, is 
admitted in even a fuller degree by most anatomists as a result of a careful comparison of the 
form and relations of their bones, as well as of their other parts, in both their embryonic and 
fully formed conditions ; and the general conclusion has been formed that the thoracic and 
pelvic limbs are constructed on the same general type in man and animals, both as regards 
the attaching girdles of the shoulder and pelvis, and in the three several sections of which 
each limb is composed. There are, however, certain modifications of that general plan, 
leading to considerable differences in the f oim, size, and number of the individual parts in 
different animals, which appear to be in a great measure related to the different uses to which 
the upper and lower limbs are respectively applied ; as, for example, in the upper limb of 
man, the breadth of the shoulders, caused by the interposition of the clavicle, the greater 
extent of motion in the shoulder-joint, the eversion of the humerus, and the forward flexed 
attitude of the elbow-joint, the arrangements for pronation and supination by rotation of the 
radius and hand, and the opposability of the thumb, all have reference to the freedom, 
versatility, and precision of the movements of the upx)er limb as an organ of prehension and 
touch.; while in the lower limb, the comparatively fixed condition and arched form of the 
pelvic girdle, the greater strength of the bones, the close-fitting of the hip-joint, the inversion 
cf the femur, the backward flexure of the knee-joint, the arched form of the foot, and non- 
opposability of the great toe, have all manifest relation to the support of the trunk and 
X)elvis, and their movements upon the lower limbs. In the lower animals, greater modifica- 
tions in the form of both limbs are to be observed, obviously adapted to their different 
functions in each case. 

Without attempting to follow out this subject by any detailed reference to comparative 
anatomy or development, it may be useful to state here shortly the more probable conclusionB 
which have been formed with respect to the homological correspondence of the several parts 
of the upper and lower limbs! 

Shoulder and pelvic girdles. — In each of these a division is to be recognized at the place 
of attachment of the limb -stalk (shoulder and hip- joints) into a dorsal and a ventral section. 
The dorsal section in the upper limb is the scapula, in the lower limb the ilium, which 
accordingly correspond, the chief difference between them consisting in the scapula being 
free from articulation with the vertebral column, and therefore capable of a considerable 
degree of motion, while the ilium is firmly jointed to the lateral mass of the sacrum. The 
ventral section is in each case double, including the clavicle and coracoid in the shoulder- 
girdle, and the pubis and ischium in the pelvic girdle. It is generally admitted that the 
coracoid and ischium are corresponding structures, the coracoid being reduced to a relatively 
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■mall prooesB in roan and most mainmale, bnt forming a large sjid important bone wMoh 
reaohes tbe stemnm in monottemato and many tower Tert«brates. The pnbia appears to be 
repreient«d moat closetj by the precoracoid of reptUea and amphibia, while the cInTiole ii not 

Fig). 163 k 164.— SuTCH or the 



BOTH. (AUep Thamsob. ) 

TUe preaxial borders oE both limbs 
■IS towards the reailet's right hand, 
and the nriginnl dorsal or eil«nsor sar- 
fecea are shovn throughoat their whole 
extent. The somewhat artificial re- 
presenlJition giiea in these figores 
cannot be obtained from a single 
Tiew of the spedmeni in one posi- 
tion, bat it is easily brought out by 
•lightly shifting the bones or cbsnging 
the point of view. The humeral 
tuberosities are separated so u to 
(bow them on the bonlera of tbe 
bone. Fig. 163. Thoracic limb ; 
ftp, snpraaninous or preecspalar fossa; 
Up, infr^inoQS or postscapnlar 
foeea ; ac, a small part of the subsca- 
pular fossa ; bt, base of scapuia ; ta, 
■Dperior angle ; ia. iDferior angle ; 
tp, spine ; ac, acromion ; cr, coiscoid 
process ; gb, glenoid border with place 
of attachment of triceps muscle ; gi; 
glenoid caxity ; h, bumerai, preaii^ 
border ; tm, large or preaxial tube- 
rosity ; tp, smaU or postoxial tube- 
routy ; cr, radial condyle ; at, ulnar 
condfle ; r, radius ; u, ulna ; o, 
olecranon ; px, poller and preaxial 

of hand.' Fig. 164.1 Pelvic limb; 
SI, sacral surface of ilium ; il, iliac 
tosatidi, B small part of the doisam ilii 
or gluteal surface ; ie, crest of iliom ; 
fu, anterior 'enperior spine ; 1712, 
llio-pectineal line ; ep, ilio-peetineal 
eminence ; is, anterior inferior spine 
and attachment of rectus muscle ; cc, 
cotyloid ^Tity ; Jp, symphysis pubis ; 
we, ischftm ; /, femur, its preaxiai 
border ; irp, lesser 01 presxial tro- 
chanter ; Inn, grester or postaiial 
trochsnter ; c<, tibial condyle ; ef, 
fibular conilyle ; p, patella ; I, tibia ; 
U, tubercle of tibia ; ji, fibula ; 
hx, hallux snil preaiial side of foot ; 
ca, calcaneal tuberosity. 



tepeated in the pelvic girdle ; it 
is, however, held by man; anato- 
mists that the mammalian clavicle 
corresponds morphologically to the 
reptilian precoracoid, and there- 
fore ia also the cepreeentdtive of 
the pubis. 

With regard to the comparison to be establiphetl bctw 
scapula and iliom there is mnch difference of opinion, but 
forma of tliese bones in some of the lower animals, and 
relationB give support to the view adopted by Flower as the 1 




n the individnal parts of the 
Ln examination of the simpler 
general consideration of thi.-ir 
iro probable.* The scapula and 



' Flower, Joum. Anat., iv, and " Osteology of the Mammalia." For different vi 
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ilinm su; be regarded as conaiatiiig Msentiall}' of three-aided priematio rods, in the primitive 
poeiCion of which on internal or vertebral enrfaoe is separated from two external siurftoes b; 
preazial and poataxial ridges, and the two external anrfaceB are separated b; an external 
ridge, which daecenda from the dorsal extremity of the bone to the joint-socket. It u 
on this external ridge, glenaid in the scapula and cotyloid in the ilinm, that in each case 
the long head of the great extenaor muscle of the limb is attached. The primitive arr&nge- 
ment is modified in two wajs, viz., 1st, by the ontgrowth to a greater or less extent of the 
edges of the rod, t^ms giving rise to foeaas in the situation of the original sorfacea, and 2nd, 
« of a rotation in different directions in the two limbs, the acapnia oatwatda, 



Fig. 165. — DiiasiH c 




Thomson.) 

r, preaxial or radial and poltex border of 
the thoracic limb ; u, ita postaxial or nluar 
and litUe finger border ; t, preaiial or 
tibial and hallux border of the pelvic limb : 
/, ila postaxial or fibular and litUa li>e 



t})e ilinm inwards, in accordance with tlia rotation which takes plaoe dnring theCconrae of 
development in the free part of the limb. The primitive vertebral aorface of the acapnia 
beoomea the prescapolar or sapraspinons fossa, while in the ilinm the corresponding euifaoe 
ia the sacral, which, being connected to the vertebral cotnmn, undergoes bnt little change in 
position. The poatscapular or infraspinoua foeaa of the scapula ia accordingly represented by 
the iliac fosaa of the iliiun, and the aubscapnlar fossa by the ginteal surface. (See the table 
of homotogons paru below.) 

Bone* of the Umba. — In making t^e comparison of the bones composing the limba them- 
selves, it ia necessary to revert to the aimpler relations snbsiBting between the limbs and the 
trunk or vertebral axis of the body in embryonic Ufe. In the earliest stage the limbs may be 
said to bud out from the side of the trunk aa flattish lemilimat flaps, so that tbey present a 

Fig. 166. — DoBsu. soBFioB or thi bioht vahus or t watib 



doraal and a ventral surface, coinciding with these reBpecfive 
surfaces of tlie tmnk ; but in the next stjtge, when Che limb* 
come to be folded against the body in the ventral direction. 
although tJie original relation to the trunk is nndutnrbad, 
their axes have now come to lie nearly perpendionlarly to the 
ooronal plane of the vertebral axis, and the position of the limbs 
is SQcb that in each there is one border which looks towards 
the head, and another which looks towards the toiL To these 
borders of the limbs the names of preaxial and postaxial are 
given respectively, as indicating ^eir position before and 
behind the limb-axis. When at a somewhat later stage of 
development the divisions of the limbs moke their appearance, 
and more especially when the quinquifid division of the digits 
in the hand and foot beoomee perceptible, it is obvious that the tbnmb and radins in the one 
limb, and the great toe and tibia in the other, occupy corresponding cephalic and preaxial 
sitnations ; and it is not difBcolt to trace from these the corresponding relations of the parts 
in the upper division of the limbs. Thus, t^e radial condyle of the humerus with the great 
tuberosity are preaxial, while the lesser tuberosity, nlnor condyle, nlna, and little finger are 
poet«xiaL In the lower limb, the small trochanter, internal condyle, tibia and great toe are 
preaxial, while tbt great trochanter, external condyle, fibula, and little toe, are postaxial. 
And at the some time the dorsal or extensor snrfaoe of the limbs is external, and the ventaml 
or flexor surface is intemoL 
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Vary Mon, however, in the hiffher animali and in maa, farther chaoKee operate in bringing 
■bont QiB permanent condition. The hnmenis is folded backwards againat the tmnk. and at 
the same time nndeiyoes a rotation ontwanlB, so that the radial (preazial) condyle becomes 
external, and the extensor aspect of the elbow ia directed backwards. The femnr, on the 
other hand, ii lacllned forwarde and rotated inwaids, thereby bringing the tibial (prcnxial) 
condyle to the inner aide, and the extensor aspect of the koee forwards. The rotation of the 
hnmerns outwards in man amounts to aboat 4fi°, so that the aria of the elbow-joint is placed 
obliqnely to the median plane, but in qnadrupeda the rotation takes place through 90°, and thns 
the axis of the elbow-joint becomes tronaverse. The rotation inwards of the femur ia about 90°. 
and the axis of the knee-joint is therefore placed transTersely, in both man and quadrupeds. 
In the upper limb of man. the radius being in semipronation, no material change ocean in 
the position of the hand, the thumb hanging naturally forwards ; but in animals destined to 
rest on the palmar aspect of the band or digits, important ohangei occur in the position of the 
radius by which, as this bone is brought forwards upon the bumems, and ite lower end carried 
Inwards, the manus or its elements are placed permanently in the prone position, with the 





s. scaphoid ; /, lonar ; <r, canBitomi or pjnl- «, wap 

rnidal ; p, pisiform ; Im, trapeiium ; td. tra. midal ; j 

peiaid : m, magaom ; u, UDcifonn ; I — V, five mid ; m. _ 

metacarpals. moid ; ««, os centrale ; I— V, five metacarpaU. 

fltst or radial digit inwards. In the foot no snch change is required, as already by the internal 
rotation of the femur at its upper part, the oouditions for plantar support have been secured. 
and the Srst or tibial digit is on the inner side. Farther, in man, as the body attains its full 
development, both limbs are extended in a line parallel to the axis of the trunk, the upper 
dropping loosely from the shoulder-joint with the greatest freedom of motion ; the lower more 
closely articulated in the hip-joint, and suited to give Qrm support to the body in the erect 

Hand and foot. — The similarity of the digital and metacarpal bones of the hand 
with those of the foot in number, form, and connections is so great that the homodynamous 
correspondence of these bones is immediately recognised. The main difference* between them 
eonaist in the greater length of the fingers, and the opposability of the thumb to the 
other digits through its mobility at the carpo-metacarpal articulation, in adaptation to the 
function of the hand as a giaaping organ. 

The morphological construction of the carpus and tarsus is only to be understood by 
reference to a more generalized form, such as is met with in the carpus of the water-tortoise 
(fig. 166) and in the tarsus of certain amphibia. Here nine elements are seen, arranged in a 
proximal eerie* of three, which are named respectively radiaU or libiaU, inttrmediam, and 
ulmare or Jilnilart, a distal series of five, named rarpalia or fartalia I — V, counting from the 
preaxial border, and an interposed eentrale} In man. as in nearly all mamnala, the distal 
row of the carpus and tarsus comprises only four bones, the nnoiform and cuboid, which 
support the poitaxial two digits, being generally regarded aa formed by the fusion of the 
fourth and fifth elements. Of the proximal elements of the carpus, the radiale is represented 
in the scaphoid, the intermediuni in the lunar, and the oinare in the pyramidal. The centrole 
appears to be absent in the carpns of man, although it occurs aa a distinct bone in nearly all 
apes. In the human foetus, however, at the latter part of the second month, a rudiment of 
the centrale is present as a small cartilaginous nodule, which in the course of the third month 
becomes fused with the cartilage of the scaphoid.' The latter bone must therefore be regarded 
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as composed of the radiale and the centrale. Traces of the oentrale are often to be reoo^rnized 
in the adult scaphoid, and it may in rare cases be developed as a separate bone. In the 
proximal series of the tarsus the course of development is somewhat different. The astragalus 
results from the union of the tibiale and intermedium, although the latter occasionally 
remains distinct as the os trigonum (p. 138) : at the back of the posterior articular surface on 
the under aspect of the astragalus there is often to be seen a slight groove, indicative of this 
separation (fig. 146). The fibulare forms the gfreater part of the os calds, and the cent*rale of 
the navicular bone. The pisiform bone has been considered a sesamoid bone Qulnare sesamoi' 
deuvi) developed in the tendon of the flexor carpi ulnaris, but recent investigations tend to 
show that it .is a vestige of a suppressed ray (digitus postminimus) : the corresponding 
structure-tif the tarsus enters into tuberosity of the os calcis. On the outer margin of the 
carpus there is in some animals another bone {radiale sesamoideum)^ which, if represented in 
man, seems most nearly to correspond to the tuberosity of the scaphoid ; and the tuberosity of 
the navicular bone of the tarsus may be the representative of a similar element (jtibiaU 
seMMoideum) in the foot. These so-called ** sesamoid" osBifications are also regarded by 
B^eleben as vestiges of a suppressed digit (prepoUex or prehallux).^ 



The following tables present a synoptical view of the probable corresponding or homolo* 
gous bones and their parts in the thoracic and pelvic limbs : — 



I. — Table of the HoMOLoaous Bones in the Thoracic and Pelvic Limbs. 

« 

Thoracic Limb. Pelvic Limb. 

Scapula Ilium. 

Precoracoid Pubis. 

Ooracoid Ischium. 

Glenoid cavity . Cotyloid cavity. 

Clavicle Absent* 

Humerus Femur. 

G-reat tuberosity Small trochanter. 

Small tuberosity r . . . . . Great trochanter. 

External condyle and capitellum . . Internal condyle. 

Internal condyle and trochlea ... . External condyle. 

Absent ... ... Patella. 

Radius Tibia. 

Ulna Fibula. 

Carpus Tarsus. 

Metacarpus Metatarsus. 

PoUex Hallux. 

Digital phalanges Digital phalanges. 



II. — Table of the Homologous Bones of the Carpus and Tarsus. 



Carpus. 

Pyramidal . 
Pisiform . 
Lunar . 

Scaphoid 

Trapezium . 

Trapezoid 

Magnum 

Unciform 



Typical names, 

. Ulnare . . . Fibulare. 

. Ulnare eesamoideum (?) Fibulare sesamoideum (?) . 

. Intermedium Intermedium . 

B.adiale Tibiale . . . . 

Radiale sesamoideum (?) Tibiale sesamoideum (?) 

Centrale Centrale 

. Carpale I. Tarsale I 

. II. IL . . . 



- in. 

— IV. 

— V. 



— — III. 

IV. 

V. 



% 



Tarsus. 
Os calcis. 



I Astragalus. 



i 



Navicular. 

Int. Cuneiform. 
Mid. Cuneiform. 
Ext. Cuneiform. 

Cuboid. 



^ According to another view, which is supported by Baur and Leboacq, the " tibial sesamoid ** is the 
tibiale, and the astragalus the intermedium only. 
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III. — TA*tR;;(5FTHB Homologous Pabtb op the Scapula and Ilium (accobdino 

TO Floweb). 



Scapula. 

Supraspinoas fossa . . . 
Infraspinous fossa 
Subscapular fossa . . 

Spine and acromion 
Superior or coracoid border. 
AxiUarj or glenoid border . 

Base 

Superior angli . . . 

Inferior angle 



Primitive conditiov. 

Vertebral surface . 
Preaxial surface . 
Postaxial surface . 
Preaxial border . 
Postaxial border 
External border . 
Dorsal extremity . 



Ilium. 

Sacral surface. 
Iliac fossa. 
Gluteal surface. 
Ilio-pectineal line. 
Posterior or ischial border. 
Anterior or cotyloid border. 
Iliac crest. 

Posterior superior spine. 
Anterior superior spine. 



ADAPTATION OF THS BKJBIiBTON TO THE ERECT ATTITUDE. 

The axial skeleton of man is, for the purposes of station and pro^rression, raised more fully to 
the vertical x>08ition than is the case in any other animal ; and along with this the lower limbs 
are extended in lines parallel to the axis of the trunk. The feet rest on the ground by the 
contact of the heel and the heads of the metatarsal bones, the centre of gravity of the body 
falling within the basis of suppoil. For the maintenance of this attitude, the constant action 
of the muscles passing over the ankle-joint is more immediately necessary. But at the knee- 
and hip-joints it is mainly by the mechanism of the ligaments and other parts of the joints, and 
less directly by muscular action, that the erect attitude is maintained, as will be more fully 
shown in the description of the different articulations. 

There are, besides, many peculiarities in the construction of the body, and especially of 
the skeleton, which are associated with the assumption of the erect pojture, and although 
many of them have been noticed in the description of the bones, it may still be useful to re- 
capitulate the chief ones briefly in this place. 

It may fir^t be remarked that the full development of these peculiarities belongs to the 
adnlt condition. In the infant, while still unable to walk, the large proportional size of the 
head, amounting to nearly a fifth of the whole body, the comparative straightness of the ver- 
tebral column, or absence of the curves which characterise the spine of the adult, the short- 
ness of the lower limbs, and incompleteness of their structure, all contribute to render the 
assumption of the erect attitude by the child, for a time, difficult and insecure. Thus the 
middle distance between the vertex of the head and the sole of the foot in an infant is situated 
somewhat above the umbilicus, while in the adult it is generally at the upp3r border of the 
pubis, or even lower, in some part of the symphysis. In the child also, from the large dimen- 
sions of the head and upper part of the body, the centre of gravity is carried to a considerably 
higher point than in the adult. 

The skull of man differs from that of other animals in being nearly balanced on the vertebral 
column, the condyles of the occipital bone being brought forwards to near the middle of the 
base by the comparative shortness of that part of the skull which lies in front of the foramen 
magnum, and the projection backwards of that which lies behind it. In quadrupeds the skull 
extends forwards from the extremity of the column, and is sustained by the elastic ligamentum 
nuchas, i-epresented in man by a comparatively feeble structure which passes between the ex- 
ternal occipital protuberance, and the spinous processes of the cervical vertebras. Together 
with this altered relation of the head to the spine, the plane of the foramen magnum, which 
in quadrupeds is vertical, becomes in man horizontal, or even inclined somewhat upwards 
anteriorly. 

The spinal column, by its pyramidal form, is fitted to sustain the weight which bears down 
upon its lower part, and by means of its different curvatures possesses elasticity and strength 
combined, and allows considerable range of motion to the trunk, without removal of the centre 
of gravity from within its base. The strong and expanded sacrum is the immediate means of 
transferring the weight of the trunk to the hip-bones and lower limbs. 

The thorax in man is comparatively short, compressed in the sagittal direction, and ex- 
panded transversely, whereby the centre of gravity is carried backwards, nearer to the spine. 

The pelvis is of peculiar breadth in man, presenting an upper and a lower arch which meet 
at the hip-joints, and is so inclined that a vertical line descending from the centre of gravity 
of the body is in a plane slightly behind the centres of motion of the hip-joints. The breadth 
of the pelvis enables the balance to be more easily maintained in lateral movements of the 
body by compensating inclinations of different parts to opposite sides of the basis of support, 
and the long neck of the femur gives an advantageous insertion to the muscles by which the 

VCL. II. i 
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balance of the body is principally preserved. The hip-bone is mainly distin^^us^^ from the 
same bone in animals by the breadth of its iliac portion, which g'ives support to the abdominal 
viscera, and attachment to the grreatly developed iliac and gluteal muscles. 

The lower limbs are remarkable for their length and strength. The femur is greatly 
elongated, its length considerably exceeding that of the tibia, — a condition which is requisite 
not only to give a sufficient extent of stride, but also to enable the body to be balanced in dif- 
ferent degrees and varieties of stooping. Hie foot of man alone among animals has an arched 
instep, and it likewise presents a great breadth of sole. The great toe is distinguished by its 
full development, and especially from that of the apes, by its want of opposability, 
being constructed, not for grasping, but for supporting the weight of the body, and giving 
spring to the step. 

While stability and streng^ are thus provided in the lower limbs, mobility and lightness 
are secured in the upper. This is apparent on comparison of the shoulder, elbow, and wrist, 
with the hip, knee, and ankle. In the hand, also, the freely moveable phalanges are as long 
as the carpal and metacarpal bones taken together, while in the foot they are not a third of 
the length of the tarsal and metatarsal bones. 
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